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Frequency Response. 


TI Semiconductor Solid Circuitry... 


30,000,000 components per cubic foot! 


ACTUAL SIZE: 1/4” x 1/8” x 1/32” 


The Semiconductor Solid Circuit shown above 
is a complete multivibrator containing two dif- 
fused-base transistors, two capacitors, and eight 
resistors... all formed froma single silicon wafer! 


A new order of electronic miniaturization has been achieved 
with TI Semiconductor Solid Circuits. These new solid cir- 
cuits will enable missiles, satellites, space vehicles, and com- 
puters to be built within a new magnitude of miniaturization, 
while greatly enhancing systems reliability. 


Production of Semiconductor Solid Circuits follows process 
steps similar to those of diffused-base germanium and silicon 
transistors now being mass produced by TI for military and 
commercial users. Through the selection and shaping of 
conduction paths upon and through single-crystal semi- 
conductor wafers by diffusion, metallic evaporation and 
similar processes, TI produces basic electronic functions 
such as amplification, oscillation, counting, and switching. 


Only advanced facilities can produce advanced components. 


The advancement and realization of the Semiconductor Solid 
Circuit concept by Texas Instruments evolved from a broad 
background of semiconductor materials and processes. This 
trend of developments indicates the bold, forward thinking 
of TI scientists that brings you semiconductors. and other 
components of unsurpassed performance and reliability. 


Write on your company letterhead for new Semiconductor Solid Circuit brochure. 


NORLD’S LARGEST SEMICONDUCTOR PLANT 
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These Little 


E- FORM | Pellets Will 


YOUR 
ENCAPCULATION 
PROCEDURES 


The trouble of tedious mixing and measuring of hardener and resin, the danger of 
toxicity, the waste of material due to the instability of the compound... all of these 
factors combined, make epoxy encapsulation an extremely inefficient operation. 


NOW... 


pre sc ri bed A dry, stable, non-toxic pellet of preformed, premixed Epoxy compounds, tailored to 
your exact requirements, can make encapsulation one of the simplest operations in 
techn ique your manufacturing process. 
Developed by Epoxy Products’ experienced staff of plasticists, these pellets, though 
fo r designed primarily for use in conjunction with Epoxy ‘E-CASE” Shells, are being 


widely used wherever epoxy resins are required for bonding, sealing or encapsulation. 


encapsulating 
components, 
using “E-CASES” 
and “E-FORMS”: 
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The “E-FORM” pellet and electronic component are inserted into the “E-CASE”, 
in that order. The assembly is then subjected to heat, with a gentle pressure 
exerted on the component. The heat causes the pellet to liquefy and flow 
around the component. Further heating gels and then cures the epoxy. The 
result is a completely epoxy-encased unit, resistant to humidity, temperature 
variations and corrosive influences. 


E-FORMS eliminate: 


Wasteful mixing of hardener and resin ““E-CASES'’ plus ‘‘E-FORM’’ pellets make mass production and auto- 
mation techniques feasible since these combinations can be automat- 
ically fed, positioned and assembled with the use of standard available 


Dixie cups and liquid metering machines machinery. 


Dermatitis problems (completely non-toxic) 


The need for a trained chemist to supervise operation 
Pat. Appl. For 


Write for products, inc. 


complete 
information. 


A DIVISION OF 
JOSEPH WALDMAN & SONS 
137 Coit Street, Irvington, New Jersey e Essex 5-6000 
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reliable silicon 


Silicon and germanium 


rate first choice for your circuits 


ore EO 


Raytheon diffused junction Silicon Rectifiers for missile and other 
critical applications were the first to be put into mass production. 
They are outstanding for high forward conductance, exceptional 
reverse recovery. Many meet requirements of MIL-E-ID. 


Raytheon Circuit-Paks are compact, encapsu- 
Raytheon Bonded Silicon Diodes feature low reverse current, high lated sub-assemblies of Diodes, Rectifiers, 


forward conductance and excellent stability in high temperature suche Fae Cee ceed 
applications. All are subject to environmental quality control. Flip-Flops, etc. They save space, speed assem- 
Twenty-seven types cover every need. bly and assure Raytheon reliability. 
Raytheon Germanium Diodes meet the highest standards of quality, 

uniformity and performance. Both gold bonded and point contact 

constructions are available in a wide range of characteristics. 


SEMICONDUCTOR DIVISION 


New York, PLaza 9-3900 Boston, Hlllcrest 4-6700 
Chicago, NAtional 5-4000 « Los Angeles, NOrmandy 5-4221 
Baltimore, SOuthfield 1-1237 « Cleveland, Winton 1-7716 


Kansas City, PLaza 3-5330 Orlando, GArden 3-1553 
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Front Cover 


Illustrates a transistor with a maximum frequency of oscilla- 
tion of 3000 mec. This product represents progress of continued 
research in the field of high frequency bipolar transistors by 
Philco. Contained in a co-axial package with holder matched 
for direct insertion into a 50 ohm co-axial network, this new 
“MADT” germanium transistor exhibits a power gain of 9.8 db 
at 1,000 me. At 200 mc (television range), the unit provides a 
gain of 22 db with a 4 db noise figure, a fact of potential com- 
mercial significance. 


SEMICONDUCTOR PRODUCTS is published monthly by Cowan Publishing Corp. Executive and Editorial 
Offices: 300 West 43rd Street, New York 36, N. Y. Telephone: JUdson 2-4460. Subscription price: $6.00 for 
12 issues in the United States, U. S. Possessions, APO, FPO, Canada and Mexico, $8.00 for 12 issues. All 
others: 12 issues $10.00. Single Copy 75¢. Accepted as controlled circulation publication at Bristol, Conn. 
Copyright 1959 by Cowan Publishing Corp. 


POSTMASTER: SEND FORM 3579 to SEMICONDUCTOR PRODUCTS, 
300 West 43rd STREET, NEW YORK 36, N. Y. 
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A 1-WATT RESISTOR AR 


==> 


—_—— 


— 


a 
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A ®REGATRON PROGRAMMABLE POWER SUPPLY 


Take a 1-watt resistor. Place it across the 
programming terminals of a Regatron Pro- 
grammable Power Supply. Instantly you’ve 
fixed the output voltage to 1/1000 of the 
resistance value. For example, a 22.5K re- 
sistor will fix the output at 22.5V. For a per- 
fect repeat every time, use the same resistor. 
For other voltages use a different resistor. 
The output will always equal 1/1000 of the 
resistance value. 

In addition, you'll find that Regatron 
Programmable Power Supplies have all the 
other advanced features you would expect 
in a versatile laboratory instrument; super- 
regulation, vernier as well as main voltage 
control, and more. Compare a Regatron 
Programmable Power Supply with any other 
d-c power source, batteries included. You'll 
find you won't settle for less. 

Regatron Programmable Power Supplies 
are available in voltage ranges covering 0-50 
V dc, 0-100 V dc, 0-300 V de, and 0-600 V 
dc. Current ratings are up to 3A, depending 
on model. Request Bulletins 350 ‘and 765. 


(Various models without the programming fea- 
ture are also available in voltage ranges up to 
1000 Y and currents up to 1 ampere.) 


COMPANY, 


MODEL 
NUMBER 


2-212A' 


220A 
221A 


218A 


a TYPES 


eter | | recuation | 


NO aD 
105125" VAC 
50—60 CPS FUL TOAD 


EQUIVALENT TO TWO MODEL 212A‘s. OUTPUTS MAY BE USED IN SERIES, 
PARALLEL, OR INDEPENDENTLY. 


seve [on 


1. Modulation input provided for measurement of transistor parameters by small signal method, 


® REGISTERED U.S. PATENT OFFICE. PATENTS ISSUED AND PENDING, 


UN C O'R -PAOtR A Gee 


EATONTOWN - NEW JERSEY 
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FORWARD 
CONDUCTION 
REGION 


RECTIFIER 


# man Silicon Diodes 


YOUR SOURCE FOR 
GREATER SELECTIVITY 
IN SILICON 
SEMICONDUCTOR 
DEVICES 


MH) E characteristic curve 


6 5 


Io 9 


6 a 


15 


38 38 38 


ZENER LOW ZENER ZENER ZENER ZENER ZENER ZENER ZENER ZENER ZENER ZENER 
VOLTAGE MICRO- “DOUBLE “SINGLE ‘DOUBLE REFERENCE REFERENCE REFERENCE VOLTAGE VOLTAGE VOLTAGE 
DIODES MINIATURE ANODE” ANODE” ANODE” DIODES & MICRO- STRINGS REGULATORS pare oben REGULATO 
* dover vattaee oe = —_— ea ee ee ess Nae: ‘ Foner vorage . fener Voltage ° tense Vale 
Range: VOLTAGE VOLTAGE VOLTAGE VOLTAGE ens toue: DIODES 6.2V thru —- Range: 5.6V to Range: 5.6V fo Range: 5.6V 
2.0V—8.0V DIODES DIODES » 150mW DIODES 9 ““inav9.6 oy 72 Operating = ag.ev +5% = 200V 10% ©. 200V 10 200V +109 
¢ 250mw 200mw.-* Zener Voltage = -s 159 mw +59, Zener Voltage: = s Dyn. Imp.: * Dyn. Imp.: Dyn. Goes «Dyn. Imp.: 
. Zener oat *Zener Voltage . Range: » Zener Voltage 430, 1N430A, “2¥,t0 8-9¥ 20 ohms to 1 ohm to 1.2ohmsto 3.5 ohms te 
Range: 7.5V — 145V Range: 1N4308, ini, ee 180 ohms 140 ohms 1100 ohms 1400 ohms 
20V ~8.0V 3.0V-—8.0V 7.5V—45V ~~ jn1530A; 15 ohms (over the (over the (over the 
8.4V +5% entire line) entire line) entire line) 
* Dyn. [mp.: 
1N429:20 ohms 
ge ee 
Case Type MI GI Mi M1 M1 M1, M3, Pt GI EIA, E2A,E3A, E44 SIE MIA GI 


26 


GENERAL PURPOSE 
SILICON DIODES 


* 150mW 
* PIV Range: 
6.8V thru 470V 


MI 


11 


SILICON DIFFUSED JUNCTION 


MEDIUM POWER RECTIFIERS 
* PIV Range: 
50V to 1000V 


6 


HB GENERAL PURPOSE 


SILICON. DIODES 
° 150mW 
PIV Range 


6.8V thru 
MI 


70V 


4 


SILICON DIFFUSED JUNCTION 


MEDIUM POWER RECTIFIERS 
*PIV Range: 
50V to 500 V 


GLASS GENERAL 
PURPOSE DIODES 
* 200mW 
«PIV Range: 
25V to 175V 


Gl 


5 


GLASS FAST RECOVERY 


SILICON DIODES 
° 200mW 
* PIV Range: 
25V to 175V 


Gi 


8 


SILICON DIFFUSED JUNCTION 


MEDIUM POWER RECTIFIERS 
+ PIV Range: : 
95V to 570V 


MIA M2 


9 


SILICON SOLAR yt 
. AM ey Power Output uae 
2mW to 34.0mW (at 10, 
ft. candles—-sunlight) 
* Spectral Response: Range: 
4000 to 11,500 angstroms; 
Peak: 8500 angstroms 


YOU NEED A JOB IN ELECTRONICS DONE 
QUICKER AND BETTER, CONTACT 


CORPORATION 
SEMICONDUCTOR DIVISION 


930 PITNER AVENUE e EVANSTON, ILLINOIS 
Circle No. 8 on Reader Service Card 


. SIE 


8 


PHOTO-VOLTAIC 
READOUT CELLS 
«Number of readout ositions: 
from 4 to 
* Spectral Response: Range: . 
4000 to 11,500 angstroms; 
Peak: 8500 angstroms 


Western Regional Office 
426 West College St., Los Ang 
MAdison 6-8063, TWX: LA 188 
Middle West Reg’l. & Export Office 
930 Pitner Avenue, Evanston, Illinois oe 
UNiversity 9-9850, TWX: Evanston, Ill. 398 


Eastern Regional Office 
710 Mattison Avenue, Asbury Park, N. J. 
PRospect 4-7877, TWX: APK 634 _ 


i 


General Electric’s Heavy Military Electronics Dept. 


ENGINEERS ¢ SCIENTISTS 


AWARDED CONTRACT FOR 


Systems Integration, Engineering, and Management of... 


AIR WEAPONS CONTROL SYSTEM 212L — 


A universal electronic control system to meet the vast problem of Air Defense 
outside of the Continental United States 


Systems-oriented engineers and scientists will appreciate the broadband technical challenge of the 


Air Weapons Control System 212L. There are important openings for men who are experienced in: 


Weapons Systems ANaLysis * MATHEMATICAL ANALYSIS OF ENGINEERING ProBLEMS * CoMPUTER 


PROGRAMMING ¢ Mitirary COMMUNICATION SysTEMS * RapaR SysTEMS * WEAPONS CONTROL 


Systems ¢ ELecrronic Circuirry * INpusTRiAL & Miritary PsycHo.ocy. 


& Working in close cooperation with 
the USAF, it is Heavy Military’s re- 
sponsibility to integrate all subsys- 
tems—data acquisition, communica- 
tions, data processing and display — 
plus various defensive weapons into 
a well coordinated and efficient oper- 
ating system. 

VERSATILE AIR CONTROL 
APPLICATIONS The revolution- 
ary 212L can be used to defend a 
single airfield, or, by linking control 
sites together, it could be used in a 
limited action to provide air control 
for an area the size of Alaska. Simi- 
larly, by linking the capabilities of 
countries together, a system could be 


provided for the air control of an en- 


tire continent. Designed for both 
fixed and mobile applications, the 
2121 will be used primarily outside 
the U. S. since the SAGE system is 
used for the defense of this country. 


HMED IS ALSO DESIGNING 
THE “HEART” OF THE SYSTEM 


In addition to its prime mission of 
providing systems management, 
HMED will design, develop and pro- 
duce the data processing and dis- 
play subsystem which is the “heart” 
of the 212L. Capable of rapidly and 
automatically detecting and tracking 
air targets, the subsystem operates 
without human assistance, except un- 


der unusual circumstances, 


OTHER FAR-RANGING 
PROGRAMS AT 
HEAVY MILITARY 


At the present time additional 
far-ranging programs are being 
pursued in diverse and impor- 
tant areas at HMED: 


e Fixed & Mobile Radar 
e Shipborne Radar 

e Underwater Detection Systems 
Missile Guidance 

e Data Handling Systems 
e Communications 


Individuals with experience in systems analysis or specific equipment 
design in the areas listed above are invited to forward their resume 
in complete confidence to Mr. George Callender, Div. 125-MG. 


HEAVY MILITARY ELECTRONICS DEPARTMENT 


GENERAL 


Court Srreer 
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GB ELECTRIC 


Syracuse, N. Y. 


MERCK HAS 
ALL FOUR FORMS OF 


IN PRODUCTION QUANTITIES 


*MERCK DOPED SINGLE CRYSTAL SILICON—offers doped float zone refined 
single crystals of high quality at low costs. Yields of usable material are re- 
ported to be especially high when device diffusion techniques are used with 
these crystals. Float zone single crystals doped either “‘p” or “n”’ type with 
resistivities from 0.1 to 300 ohm cm. any range plus or minus 25% with high 
lifetimes, available in diameters of 19 to 21 mm., and random lengths of 
2 to 10 inches. 

NOTE: Doped single crystals float zone refined in other diameters, resistivities, or lifetimes not listed 
above can be furnished as specials. 

MERCK HIGH RESISTIVITY “P” TYPE SINGLE CRYSTAL SILICON—offers float 

zone refined single crystals of a quality unobtainable by other methods. 

Available with minimum resistivity of 1000 ohm cm. ‘“‘p” type and a mini- 

mum lifetime of 200 microseconds, diameter 18 to 20 mm., random lengths 


2 to 10 inches. 
MERCK POLYCRYSTALLINE BILLETS—have not previously been melted in 


quartz, so that no contamination from this source is possible. Merck guar- 
antees that single crystals drawn from these billets will yield resistivities over 
50 ohm cm. for ‘‘n” type material and over 100 ohm cm. for “‘p” type ma- 
terial. Merck silicon billets give clean melts with no dross or oxides. 


MERCK POLYCRYSTALLINE RODS—are ready for zone melting as received... 
are ideal for users with float zone melting equipment. Merck polycrystalline 
§ I polycry 
rods are available in lengths of 8% to 10% inches and in diameters of 18 
% ; ; to 20 mm. Smaller diameters can be furnished on special order. In float zone 
For additional information on specific applica- ; ; : j ; $iar 
tions and processes, write Merck & Co., Inc, tefining one can obtain from this material single crystals with a minimum 
| Electronic Chemicals Division, Department resistivity of 1000 ohm cm. “‘p”’ type with minimum lifetime of 200 micro- 
#5, Rahway, New Jersey. seconds or the material can be doped by user to his specifications. 


* NOTE: Extended resistivity range. ©Merck & Co., Inc. 


Nilicon —a product of MERCK 


BASE BORON CONTENT BELOW ONE ATOM OF BORON PER SIX BILLION SILICON ATOMS 
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ULTRA-PURE 


HOW TO GET YOUR SHARE 
OF THE 6% BILLION DOLLAR 
MISSILE MARKET 


And now there’s a comprehensive, understand- 


During the coming year only 500 American 


companies will slice up the government’s 6% able ‘‘how to’’ GUIDE to help you get missile 
billion dollar missile development budget! business—even if you’ve never sold to the gov- 

Yet it is estimated that more than 100,000 ernment before! The Technical Education and 
companies, making almost as many different Management, Inc. division of Cowan Publishing 
products, qualify as suppliers to the missile Corp. spent more than two years compiling the 
program. Yours may be one of them. data for this book, THE MISSILE MANUAL AND 

The government, anxious to increase the num- GUIDE. It tells exactly what the government 
ber of companies supplying missile development needs— paste, paper clips, paints, potentio- 
products and services, has ordered all procure- meters, piping, and many thousands of other 
ment agencies to encourage bids from every products—how to qualify, how to make up and 
possible contractor, subcontractor or supplier. submit proposals, how to bid and estimate, how 
In other words, this 6% billion dollar market is to make up a facilities brochure, how to get 
wide open! government financing...and much, much more. 


We have prepared a fast-reading digest 
of the MANUAL entitled ‘‘Getting Your 
Share of the Expanding Missile Market’’. 
It will tell you just what’s in the MANUAL 
and how to get a copy. To get the 
digest, without cost or obligation, just 
return the coupon below. 
This is your company’s golden 
opportunity to break into the only 
major industrial market that is still 
unsaturated and growing every 
year, You can't afford to ignore it, 
$0 mail this coupon today! 


COWAN PUBLISHING CORP. 300 W. 43rd St., New York 36 


Please send me a FREE copy of “Getting Y 
the Expanding Missile Market”, oT esate 


| 
n 
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Minute instruments in the nose cones of American 
space explorers record vital phenomena beyond the pull 
of earth’s gravity. The phenomena: the unknowns of 
outer space including bands of radiation, cosmic rays, 
temperatures, etc. The data recorders: complex elec- 
tronic devices packed with transistors, diodes, rectifiers 
and other subminiature signal transmitters. 

It wasn’t possible ten years ago. It wouldn’t be 


GRACE ELECTRONIC CHEMICALS, 


Agta a if 
‘* + vay 5 
Ppto4 @ e 7 ° 
tine 
is a 
gar ot ha 
absolutely 
e Pl . 
essential... 
° . om ‘ 
vk a ; ¥ 
ieee 
e cd 
Sd *« + 
te 


(ultra-high-purity) 


possible today if it weren’t for ultra-high-purity 
silicon. Purity such as is produced by the Pechiney 
process used in the manufacture of Grace Silicon. 

May we suggest that wherever silicon of top quality 
is required—for semiconductor devices in research, 
military, industrial and entertainment uses—call or 
write GRACE ELECTRONIC CHEMICALS, INc., PL 2-7699, 
101 N. Charles Street in Baltimore. 


INC. 


es 101 N. Charles St., Baltimore, Maryland 


Subsidiary of W. R. Grace & Co. 
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Crystals are gas or vacuum grown by 
a modified Czochralski technique. 


Let Knapic 
£row your 


crystals 


SILICON AND GERMANIUM MONOCRYSTALS 


Major manufacturers of semiconductor devices have found that Knapic 
Electro-Physics, Inc. can provide production quantities of highest quality sili- 
Solar Cell and con and germanium monocrystals far quicker, more economically, and to 
much tighter specifications than they can produce themselves. Knapic Electro- 
Physics has specialized in the custom growing of silicon and germanium 
j monocrystals. We have extensive experience in the growing of new materials 
to specification. Why not let us grow your crystals too? 

Knapic monocrystalline silicon and germanium is available in evaluation 
\ and production quantities in all five of the following general grade categories 
—Zener, solar cell, transistor, diode and rectifier, and high voltage rectifier. 


For Semiconductor, 


Infrared Devices 


SPECIFICATIONS - Check These Advantages 


* ° aa | 
CJ Extremely low dislocation densities. | 


Tight horizontal and vertical resistivity tolerances. Resistivities available in controlled ranges 
005 to 1000 ohm cm., N and P type. 


a Diameters from .10” to 2”. Wt. to 250 grams per crystal. Individual crystal lengths to 10”. 
Es Low Oxygen content 1 x 10'7 per cc., 1 x 10'® for special Knapic small diameter material. 
[ ] Doping subject to customer specification, usually boron for P type, phosphorus for N type. 


Lifetimes: 1 to 15 ohm cm.—over 50 microseconds; 15 to 100 ohm cm.— over 100 microseconds; 
100 to 1000 ohm cm.— over 300 microseconds. Special Knapic small diameter material over 


1000 microseconds. 
Specification Sheets Available 


uture. Transmission characteristics — minimum 52%, 


cm.; 3/4" to 1-1/4"—less than 100 per Sq. coated 97% in ranges between 1 to 15 microns. 


¢m.; 1-1/2" to 2” less than 1000 per sq. cm. 


i 

| : 

| Special Announcement 

LARGE DIAMETER Individual silicon ingots for lens use to 10” diameter | 

Dislocation density, Knapic silicon mono- | SILICON INGOTS and hollow grown domes to 8” diameter are now 

Poel MGrjstol diameter 1/10" 3/8" l AND DOMES FOR ovulate in production and evaluation quantities. | 

| None; 3/8” to 3/4"—lets than 10 per re INFRARED LENSES jameters up to 19” will be available in the near | 
| | 

! 4 


Quotations will be Prepared on request for production orders, 
for semiconductor materials not falling within the listed cate- 
gories, or for those requiring additional experimental work. 


Knapic Electro-Physics, Inc. 
936-938 Industrial Avenue, Palo Alto, Cal 
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ifornia Phone: DAvenport 1-5544 
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{ o meet the exacting needs of the electronic industry, 
iBaker & Adamson has developed a broad line of spe- 
thial high purity “Electronic-Grade”’ chemicals, met- 


1 
als and other materials. Among its newest specialties 


re the products featured below. 


Our new folder, “B&A Electronic-Grade Chemi- 
als,” lists them all, with specifications for some .. . 


. ee 
: S al & 
wal 
a 
ad a 


bows 


Low-Melting Glasses for Encapsulation 


B&A low-melting-point glasses hold promise of a major 
breakthrough in economical and highly efficient protective 
coating of semiconductors, capacitors, diodes and other types 
of electronic devices. Coating can be accomplished by dip- 
ping or preform operations. These new encapsulating agents 
are now available in research quantities. 


Por, ALCOHOL, 


ip : 
‘as? Com 3 
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Solvents Quality Controlled by Resistivity Measurement 


B&A special high purity solvents for washing and drying 
semiconductor crystals are quality controlled by resistivity 
measurement — a new technique developed by B&A which 
makes it possible to detect and control impurities to a degree 
surpassing all previous quality standards. 


f 
iC Significant Recent Developments in 


*Electronic-Grade” Chemicals from Baker «& Adamson® 


brief description of properties and applications for 
others. Write for your free copy now. 


Remember — as America’s foremost producer of 
laboratory and scientific chemicals, B&A has the wide 
range of products, the versatile production facilities 
and the specialized experience to meet virtually every 
electronic chemical need. 


Special High Purity Germanium 

B&A offers the electronic industry a dependable domestic 
source of special high purity germanium dioxide and ingots 
of germanium intrinsic or first reduction metal. B&A ger- 
manium dioxide is dustless and free from fine particles. It 
has 60% to 70% higher bulk density and contains about 0.5% 
less volatile than many other oxides, 


BAKER & ADAMSON® 
“Electronic Grade” 
Chemicals 
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hemical 


GENERAL CHEMICAL DIVISION 
40 Rector Street, New York 6, N. Y. 
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THESE KAHLE MACHINES... DIODE BEADING 


MACHINES 


designed to establish new standards 
of efficiency and economy in your 
operation ...are just six examples 
of the more than 1000 different 
type machines that Kahle has 
created for the electronic industry. 
And every Kahle machine is pre- 
tested...under actual operating 
conditions... prior to shipment. 


" DIODE BODY CASE 
} MACHINES 


‘ For detailed information, write to: 


KAHLE 


ENGINEERING COMPANY 
GENERAL OFFICES: 
3316 Hudson Ave., Union City, New Jersey seo eee 
LEADING DESIGNERS AND j 
‘ BUILDERS OF MACHINERY FOR 
THE ELECTRONIC INDUSTRY 
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valanche Effects In Transistors 


1) The avalanche nature of breakdown phenomena in 
)-n junctions has been discussed previously in these 
wages (see Editorial March 1958 by Dr. W. Shockley). 
She phenomenon is becoming increasingly important 
yor such technical applications as the generation of 
very high current pulses, the design of bistable, mono- 
| table and astable circuits, etc. For these reasons it is 
lesirable that the properties of avalanche transistors 
de controlled at the designer stage. The main parame- 
ers of interest are the breakdown voltage V; and the 
sustain voltage V.*. The breakdown voltage is the 
alue of V., for which the current amplification fac- 
Or a.- becomes infinite, i.e. I, — 0, Ip = —I., &y = 
—1; the sustain voltage is the value of V., for which 
e current amplification factor «,, becomes infinite, 
ec. I, = 0, I, = —I,, 4,¢ = —1. The common emitter 
operated in the range |V,*| < |V..1| < |Vz| possesses 
a non-inverting voltage gain and a current gain larger 
han unity. Hence it may be made unstable by use of 
positive feedback, and in such condition it presents 
open circuit stable negative resistances at the emitter 
and at the collector terminals, and short circuit stable 
negative resistance at the base terminal. Utilizing such 
characteristics it is possible to construct various un- 
table circuits such as relaxation oscillators, blocking 
oscillators, flip-flops, etc. To increase the voltage ex- 
cursion, the difference Vz — V.* should be made as 
large as possible, while at the same time the break- 
down voltage Vz should be made small. The value of 
V,, depends upon the base resistivity with the empiri- 
cal relationship V; = 84 9,” where x = 0.63 for n-type 
germanium; hence the base resistivity of avalanche 
transistors is generally lower than usual. The sustain 
voltage may be decreased making the value of the 
current amplification factor a,, at low voltage as close 
to one as possible, and furthermore using semicon- 
ductors with low multiplication exponent; the value 
‘of V,* is approximately given by the relation V,* — 
Ve (1 — %e0) /” where n is the multiplication expo- 
nent. Finally in order to improve the rise time of the 
collector output the collector capacitance as well as 
the base width should be made as small as possible. 
As an example practical values of V;, of the order of 
20 V and V,* of the order of 8 V have been obtained, 
with rise times at the collector output of the order of 
20-° to 10" sec. 
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The International Convention on Transistors 
and Associated Semiconductor Devices 


The Proceedings of the International Convention 
on Transistors and Associated Semiconductor Devices 
held at Earl’s Court Exhibition hall; London, England 
on the 21-27 May 1959 will take its place beside the 
two previous publications of the American Proceed- 
ings of the I.R.E., November, 1952 and June, 1958. At 
the Convention, which attracted 2,000 scientific per- 
sonnel including 400 foreign visitors, over 150 techni- 
cal papers were presented covering generally five dif- 
ferent areas of the semiconductor field. Listed below 
are these areas and the number of sessions devoted to 
each. 

1) Materials—two sessions 

2) Basic Theory—two sessions 

3) Technology and Design and Manufacture—four 

sessions 

4) Characteristic Measurements, and Transistors as 

a Circuit Element—five sessions 

5) Applications—nine sessions 

Emphasis on papers which were presented cov- 
ered the following subjects: Switching Communica- 
tions, Linear Amplifiers and Oscillators, and Indus- 
trial Applications. The Convention provided the mem- 
bers of the Industry with a summation of the field. 

In conjunction with the Convention the Exhibition, 
unique in nature because of its complete devotion to 
the industry, provided the viewer with more practi- 
cal aspects. The scope of the exhibition encompassed 
transistors and other semiconductor devices, materials 
used in transistor manufacture, equipment incorpo- 
rating semiconductor devices and specialized compo- 
nents used in transistorized equipment. The Exhibi- 
tion was technical in nature with exhibitors from 
eight different countries participating including: 
U.S.A., Great Britain, Germany, France, Japan, Italy, 
Belgium and Austria. 

In the United Kingdom alone there are 19 compa- 
nies which are or are about to manufacture the newer 
classes of semiconductor devices. These exclude cop- 
per, oxide and selenium devices. Amongst this group 
611 product types are offered, made up of 149 transis- 
tors, 207 diodes, 234 rectifiers and 21 photosensitive 
devices. 

A subsequent issue of SCP will present a more 
complete resumé of the conference. 


Samuel L. Marshall 
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5. SINGLE CRYSTALS 


6. SLICES 


2. BILLETS 


7. SPECIAL FORMS 
& SEEDS 


SILT CON ..any way you want it ! 


Is there any good reason why you shouldn’t obtain all forms 
of silicon you want from a single source? 


Up to now the answer to that question was simple: No 
one firm offered a complete silicon supply facility. 


But that is no longer true because from Allegheny you 
can now obtain siltcon in every form. Here are the facts: 


1. BULK — The bulk polycrystalline silicon you get from 
Allegheny comes in four grades, three semiconductor, one 
solar. Each requires a minimum of doping, exhibits a high de- 
gree of uniformity and shows a significantly low boron level. 


2. CAST BILLETS — Cut to charge size for Czochralski 
furnaces and in standard sizes up to 2” in diameter. 


3. CAST RODS.— For float zoning, you get uniformly 
dense cast rods in standard sizes up to 1”, with lengths 
entirely dependent on your requirements. 


4. MASTER DOPING ALLOYS — These are made from 
extremely pure silicon, using 99.999% or better elemental 
dope. They are alloyed in different ranges, and in homo- 
geneous lots of sufficient size to allow for long term stand- 
ardization in your production doping procedures. 


producers of semiconducting materials 


for the electronics industry 


5. SINGLE CRYSTALS — Custom processing of single 
crystals is a basic service from Allegheny. We will dope to 
your specifications and grow in Czochralski or float zone 
furnaces, again depending on application. 


6. SLICES—You can get slices to meet any surface require- 
ment since Allegheny has both the know-how and facilities 
for slicing, lapping, and finishing. And 100% testing is your 
assurance that the slices completely meet your specifications. 


7. SEEDS & SPECIAL FORMS — You tell us your mount- 
ing and other physical requirements and we will provide 
the shapes and forms, cut ultrasonically. All seeds are 


oriented optically to %° (or better) to the (111), (110), or 
(100) plane. 


_. Analyze your current silicon supply arrangements. Con- 
sider that only Allegheny provides every form of silicon you 
need. Doesn’t it look like now is a good time for you to get all 
the facts from the people at Allegheny? Write, wire, or phone. 


ALLEGHENY 


207 HOOKER-FULTON BLDG., BRADFORD, PA. 
252 NORTH LEMON STREET, ANAHEIM, CAL. 
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HE INNOVATION of the “inhibit” technique has 
resulted in increased flexibility in circuit de- 
sign, and in a wide variety of new and useful 
ircuit configurations. It is the purpose of this article 
o explain the “inhibit” principle and to describe some 
pical circuits in which the principle is utilized. In 
he interest of clarity and continuity, the basic con- 
entional current switching techniques will be dealt 
ith first. 


Basic Current Switching Circuits 


In Fig. 1 are shown the p-n-p and the n-p-n 
switches, which form the basis of all complementary 
current-switching circuits. The operation of the p-n-p 
switch is as follows: 

The resistor R1 to plus 36 volts forms an approxi- 
mately constant current source. This constant current 
flows through whichever transistor has the more nega- 
tive base potential. Let us assume that the base of T1 is 
at plus 3 volts. This causes T1 to conduct and causes its 
emitter, point “B” to become approximately plus 34% 
volts. Since the base of T2 is at plus 4 volts and its 
emitter at plus 344 volts, it is biased off. Thus the 
entire constant current flows through T1. Except for 
a small loss to the base circuit, this current flows into 
‘the collector and brings point “C” to a value some- 
what more positive than minus three volts. The po- 
tential to which it goes cannot be determined exactly 
as it depends upon the d-c beta of the transistor, the 
tolerance of resistors and power supplies, and upon 


*Burroughs Corporation Research Center, Paoli, Pennsylvania 
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New Configurations In Non-Saturating 
Complementary Current 
Switching Circuits 


CARL M. CAMPBELL, JR.* 


Complementary current switching circuits are becoming well known in the present state of 
the digital computer art. They are especially valuable for high-speed applications because 
not only are they non-saturating, but they may also be operated as far out of the saturation 
region as is desired. In addition, they are simple, reliable and relatively noise insensitive. 
A new technique has been devised which is an addition to the current switching art. This, 
the inhibit technique, when combined with the conventional current switching techniques 
gives great flexibility to the circuit designer and makes possible many new and interesting 
circuit configurations. Many of these require fewer components than equivalent circuits 
formed entirely from the conventional techniques. 


py IN ALL FIGURES: 
R1=4.75K R3=3.4K Ri 
R2=500.n. R4=360.N. 


-36 


+36 
P-N-P SWITCH N-P-N SWITCH 


Fig. 1—Complementary current switches. 


the amount of load current being drawn from point C. 
Since T2 is biased off, no current flows into its collec- 
tor resistor, and point D is at minus 5 volts. 

Now let us assume that point A changes to plus 5 
volts. T2 conducts and point B becomes approximately 
plus 4% volts, thus back-biasing. Tl. Since T2 is 
conducting, its collector, point D, becomes somewhat 
more positive than minus three. Since T1 is cut off, 
point C becomes minus 5 volts. 

Thus we have seen that as point A varies around 
plus 4 volts, the entire constant current switches be- 
tween Tl and T2. We can also see that the outputs as 
taken at C and D are always logically the inverse of 
each other. Finally, we see that by the proper choice 
of values, the transistors may be operated as far out 
of saturation as desired. 

The operation of the n-p-n switch is the same as that 
of the p-n-p, except that all polarities are reversed. 

It is apparent that the output of one switch, as taken 
on either collector, cannot be directly coupled to the 
input of another switch of the same type because of 
the voltage shift inherent within the device. However, 
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it is possible to directly couple the output of a p-n-p 
switch to the input of an n-p-n switch, and vice-versa. 
That this is so can be clearly seen by comparing the 
various output and input levels as illustrated in Fig. 
1. Therefore, it is necessary always to drive an n-p-n 
input from a p-n-p output, and a p-n-p input from an 
n-p-n; hence the name “complementary current 
switching circuits.” Of course it is possible to use only 
one type of transistor if some sort of level-shifting 
device is used between the output of one switch and 
the input of the next. Since such a system involves 
design complications, we will limit ourselves to the 
simpler complementary system in this article. 

These complementary circuits may be “d-c worst 
case designed” for steady-state conditions. By “d-c 
worst case design” is meant that design technique 
whereby, to the value of each circuit component is 
assigned a tolerance within which it is certain its 
value will fall under all anticipated conditions. The 
circuit is then designed so that under all possible 
steady-state conditions the circuit will operate even 
though every component should be at that limit of its 
tolerance which tends to cause circuit failure. 

All circuits presented in this article have been 
designed with this philosophy to help insure their 
reliability. 

Turning now to Fig. 2, we see a simplification 
which may often be made in the n-p-n or the p-n-p 
switch. As we saw in Fig. 1, the basic switch gives 
two outputs, one of which is the logical inverse of the 
other. Cases often arise in which it is not necessary 
to utilize the cutputs D or H, taken on the collector of 
the transistor with the biased base. Under these con- 
ditions, this transistor may be replaced by a diode, 
as illustrated in Fig. 2. Considering the p-n-p switch, 
if point A is more negative than plus 4 volts, its emit- 
ter, point B ‘will become more negative than plus 4 
volts thus back-biasing the diode. Thus the entire 
constant current will flow through the transistor 
bringing point C somewhat more positive than minus 
3 volts. However, if point A is more positive than 
plus 4 volts, the constant current will flow through 
the diode, and point B will become plus 4 volts thus 
biasing off the transistor and causing point C to be- 
come minus 5 volts. 

Gates may easily be formed from the basic switch 
by putting more transistors in parallel with the input 
transistor. This is illustrated by the p-n-p gate of 
Fig. 3. If point A, B, or C is at plus 3 volts, (or more 
negative) T1, T2, or T3 will conduct, and T4 will be 
biased off, thus causing point D to become minus 3 
volts (or more positive) while point E becomes minus 
5 volts. If points A, B, and C are all at plus 5 volts, 
T1, T2, and T3 will be off and T4 on, thus causing 
point D to become minus 5 volts, and point E minus 3 
volts (or more positive). Therefore, we see that if a 
plus 3 volt input is considered as a “one,” this circuit 
is an “or” gate, while if a plus 5 volt input is a “one,” 
it is an “and” gate. Of course a similar circuit can he 
constructed using n-p-n transistors. 
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The Inhibit Principle 


All that has been presented so far has been pre 
viously known and publicized and has been presented 
merely as a background information. We shall no 
take up the inhibit principle with its applications. 

In Fig. 4, we see a conventional n-p-n switch and a 
p-n-p switch with the collector of one of its transistors 
connected directly to the emitter junction of the n-p-n 
switch. As long as the p-n-p in question, T2, does not 
conduct, the n-p-n switch will function normally, the 
output levels at D and E being determined by the: 
input level at C. T2 will remain non-conductive as 
long as point A is more negative than plus 4 volts thus 
causing T1 to conduct and T2 to be biased off. Nowy 
let us suppose that point A becomes more posi- 
tive than plus 4 volts. T1 will now cut off, and T2 will 
conduct. The entire collector current from T2 will 
now flow into R1. By making R3 sufficiently smaller: 
than R1, it can be assured that point B will become 
more positive than the most positive potential that 
can ever occur on either n-p-n base. Thus both T3} 
and T4 will be back biased, and points D and E will 
both be at plus 5 volts regardless of the input at C.. 
Therefore, the n-p-n switch will be “inhibited.” 

If a “d-c worst case design” philosophy is used, it; 
is necessary to include the diode to assure that T2 ' 
will never saturate. Without the diode, it would be 
possible under extreme conditions for point B to be- 
come more positive than plus 4 volts. With the diode, 
point B cannot go more positive than ground. This is - 
sufficiently positive to assure that T3 will be back 
biased for any possible value of input at C but suffi- | 
ciently negative to assure that T2 can never saturate. 
If a nominal, rather than worst case, design is used, — 
the diode may often be omitted. For this reason, it is | 
shown connected by dotted lines. 


New Circuit Configurations Made 
Possible By The Inhibit Principle 


One of the best examples of how the inhibit tech- 
nique may be utilized, is the half adder of Fig. 5. We 
have here two n-p-n switches inhibited by a p-n-p 
switch. The two n-p-n inputs marked B, are connected 
together to form one of the inputs to the half-adder. 
The other input is at A the base of p-n-p T2. Let us 
assume that “0” is present at both A and B. As indi- 
cated, this will mean that a minus 5 volt level will be 
present at B, and a plus 5 volt level at A. Because 
of the level at A, T2 will be off, and T1 on. Because 
of the conduction of T1, the lefthand n-p-n switch 
will be inhibited, and both T3 and T4 biased off. Since 
T3 is off, the level at the CARRY output will be plus 
9 volts, which corresponds to a “0”. Since B is as- 
sumed at minus 5 volts, T5 will be biased off, and the 
diode to minus 4 volts will be conducting. Since both 
T4 and T5 are biased off, no current will flow into 


R2 so that the SUM output will be at minus 5 volts 
and hence a “0”, 
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Now let us assume that the level at B changes and 
becomes minus 3 volts (or more negative), thus cor- 
responding to a “1” at this point, while the signal at A 
remains unchanged. Since A is unchanged, TI re- 
mains on and T2 off. As before, T3 and T4 are inhib- 
ited and the CARRY output is at +5 volts (“0”). 
Now, however, since the base of T5 is more positive 
than minus 4 volts, T5 will conduct thus bringing its 
collector to approximately plus 3 volts. This corre- 
sponds to a SUM of “1”, which is clearly correct for 
anputs of “0” and “1”. 

Now we assume point B is at minus 5 volts (‘0’), 
and point A is more negative than plus 3 volts (“1”). 
T2 is now conducting, and T1 off. T5 is inhibited by 
the conduction of T2. Because of the input at B, T4 
will conduct and T3 will be off. Since T3 is off, the 
CARRY output is at plus 5 volts, and hence a “0”. 
Since T4 conducts, current will flow into the right- 
hand R2 causing the SUM voltage level to become 
more negative than plus three volts, thus correspond- 
ing to a “1”. A SUM of “1” and a CARRY of “0” are 
clearly correct for inputs of “1” and “0”. 

Finally, let us assume that input A is at plus 3 volts 
and input B at minus 3 volts, corresponding to a “1” 
at both inputs. Since T2 conducts, T5 is inhibited. 
Because of the minus 3 volt level present at B, T3 
will be on, and T4 off. The conduction of T3 causes 
the CARRY output to become more negative than 
plus 3 volts, thus corresponding to a “1” output at 
this point. Since both T4 and T5 are off, there is no 
current flow into the right-hand R2 resistor, so the 
SUM output is at plus 5 volts indicating a “0”. Thus 
we have a SUM of “0” and a CARRY of “1”, which 
is the correct result for inputs of “1” and “1”. 

It will be noted that the collectors of T4 and T5 are 
both fed into the same resistor. This is a form of “or” 
gate, in that the conduction of T4 or T5 will cause 
the flow of current through the resistor. For this con- 
figuration, it will be impossible to have both T4 and 
T5 conducting as a steady-state condition. Therefore, 
neither transistor will saturate, since no more than 
about 7 ma will ever flow through the resistors. 

In the example we have considered, we have biased 
the base of T1 and applied the A input to the base of 
T2. It would be possible, instead, to bias the base of 
T2, and apply the signal to the base of T1. Now, how- 
ever, a “1” would be represented by a plus 5 volt level 
and a “0” by a plus 3 volt level. Therefore, if the 
circuit which drives the half-adder gives a “1” when 
its output gives a plus 3 signal, the input is applied as 
shown. However, if the driving circuit gives a “1” 
when it gives a plus 5 volt signal, the arrangement 
just described is used. This flexibility is often useful. 

In addition, transistors may be placed in parallel 
with the input transistors to provide gating action. 
Thus, if the input is applied to the base of T2, as 
shown, and other transistors are put in parallel with 
it, the conduction of any one of these trensistors will 
inhibit T5 and cut off Tl. Thus the effect is that of an 
“or” gate. If the signal is applied to the base of T1 
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Fig. 5—Half adder circuit. 
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Fig. 6—Full adder circuit. 


and other transistors are put in parallel with it, all of 
them must be off in order for T2 to conduct. There- 
fore, the efiect is that of an “and” gate. 

In the same manner that the input A may be ap- 
plied either to the base of T1 or that of T2, so may 
signal B be differently applied. By replacing the diode 
to minus 4 volts by a transistor which we will call T6, 
it is possible to bias the bases of T3 and T5, and apply 
the signal to the bases of T4 and T6. This has the 
effect of making the minus 5 volt level correspond 
to a “1”, and the minus 3 volt level to a “0”. Gating 
may also be accomplished at input B in much the 
same way described for input A. 

It is a well known fact that a full-adder may be 
formed from two half-adders and an “or” gate. Fig. 6 
shows a current switching full-adder constructed in 
this way. The SUM output of one half-adder is fed 
into the other half-adder. The output of a half-adder 
has the proper swing to feed the A input of another 
half-adder. The CARRY outputs of the two half- 
adders must be “‘ored” together. In this case, this may 
be easily accomplished by connecting the two appro- 
priate transistor collectors to a common resistor. The 
three inputs to the full-adder are A, B, and C, as 
shown. A detailed description of the circuit’s opera- 
tion is not given as it can be well understood from 
the operation of the half-adder. 

The inhibit principle may be adapted to form a 
flip-flop, as illustrated in Fig. 7. The operation of the 
circuit is as follows: 

Normally, the voltage levels present on the SET 
and RESET points are minus 3 volts, or more positive, 
so that transistors Tl and T2 are tending to conduct. 
Let us assume that Tl is conducting. Therefore, its 
collector will be at a level more negative than plus 3 
volts, causing T4 to conduct. Since T4 conducts, T2 is 
inhibited and hence off, despite the minus 3 volt ievel 
on its base. Since T2 is off, its collector is at plus 5 
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volts, thus assuring that T3 is off. Since T3 is not 
conducting, T1 is able to conduct, as initially assumed. 
Thus the flip-flop is in one of its two stable states, 
with T1 and T4 conducting, and T2 and T3 non-con- 
ducting. Now let us assume that a negative pulse is 
applied to the base of T1, so that it momentarily goes 
to minus 5 volts. Because of the diode to minus 4 
volts at its emitter, T1 will now be back-biased and 
the diode will conduct. Since T1 turns off, its collector 
and hence the base of T4 goes to plus 5 volts. The 
base of T3 is already at plus 5 volts. Due to the diode 
to plus 4 volts on their emitters, both will be back- 
biased, and the diode will momentarily conduct. Since 
T4 is off, and since the base of T2 is at minus 3 volts, 
T2 will begin to conduct. When this happens, its col- 
lector will go to about plus 3 volts. This will now 
cause T3 to begin conducting, and the diode to plus 
4 volts, as well as T4, to be back-biased. Since T3 is 
now conducting, T1 is inhibited, its emitter being at 
ground potential, so that, even after the SET input 
level returns to minus 3 volts the flip-flop will remain 
in the state into which it had just been set, with T1 
and T4 non-conducting, and T2 and T3 conducting. 
Since the circuit is symmetrical, it is clear that a 
negative reset pulse will momentarily turn off T2 
and cause the flip-flop to return to the state initially 
assumed. 

The basic flip-flop gives outputs capable of driving 
only p-n-p transistors. In most cases, it is possible to 
arrange the logic so as to have this always true. If, 
however, it is necessary to have the flip-flop drive 
n-p-n transistors as well, this may be accomplished by 
modifying the flip-flop as shown in F ig. 8. In thie 
modified flip-flop, one stable state has TL T5 anders 
on, while T2, T6, and T4 are off. Tl and T2 normally 
have their bases more positive than minus 3 volts, so 
they are tending to conduct. Let us assume that, 
under the condition assumed above, T1 is momentarily 
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Fig. 7—Basic flip-flop circuit. 


cut off by applying a negative pulse to pull its base 
to minus 5 volts. The turning off of T1 turns T5 off, 
and hence T6 on. The non-conduction of T5 uninhib- 
its T2, allowing it to conduct. This, in turn, causes the 
conduction of T4 and the non-conduction of T3. When 
T4 turns on, Tl becomes inhibited so that it will re- 
main off even after its base returns to the minus 3 
volt level. This flip-flop has outputs on the collectors 
of T1 and T2 which can drive p-n-p transistors, and 
also outputs on the collectors of T3 and T6 which can 
drive n-p-n transistors. These latter outputs have the 
advantage that they are buffered from the internal 
flip-flop circuitry, so that loading these points has no 
effect on the switching action of the flip-flop. If an 
output from the collector of one of these two latter 
transistors is not required, the transistor in question 
may be replaced by a diode to plus 4 volts in the 
manner of Fig. 2. 

In any practical logic system, it is almost always 
required to set, and often to reset, flip-flops through 
AND and OR gates. It is very desirable to incorporate 
gates within the flip-flop, as considerable saving in 
components can be realized by so doing. In many 
flip-flops it is possible to incorporate OR gates, but in 


this flip-flop it is possible to incorporate both AND 
and OR gates. The circuit modifications required for 
this incorporation are shown in Fig. 9. Transistors 1, 
T2, T3, and T4 have their bases normally at the minus 
3 volt level, so they tend to conduct. Transistors T5 
and T8 have their bases normally at plus 5 volts and 
hence are normally off. Let us assume a stable state 
in which T1 and/or T2, and T7 are conducting, the 
other transistors being off. Suppose now that the base 
of T1 goes to minus 5 volts. This will have no effect, 
as T2 will take up the conduction. If T2 now has a 
minus 5 volt level applied to its base, it will be turned 
off. Since both Tl and T2 are off, their common col- 
lector resistor will have no current flowing through 
it and will go to plus 5 volts. This will cut off T7 and 
uninhibit T3 and T4. These transistors will then con- 
duct and bring their common collectors to the plus 
3 volt level. This turns T6 on, thus inhibiting T1 and 
T2. Thus the flip-flop has changed states. To accom- 
plish this, however, required that both Tl and T2 be 
turned off. This clearly has the effect of an AND gate. 
The efiect described was that of a two input AND 
gate. If more inputs are desired, this may be accom- 
plished by putting still more transistors in parallel 
with Tl and T2. An AND gate effect at the RESET 
may be accomplished in a similar way, as illustrated 
by T4 and T3 in parallel. 

Let us again assume the initial condition, as above, 
with Tl and/or T2 and T7 on, and the other transis- 
tors off. Now suppose that the plus 3 volt level is ap- 
plied to point E, the base of T5. Since the base of T6 
is at plus 5 volts, and the cathode of the diode at plus 4 
volts, the base of T5 will be the most negative, so that 
T5 begins to conduct. This will inhibit Tl and T2 thus 
stopping their conduction. This has the effect of turn- 
ing off T7 which causes T3 and/or T4 to turn on, thus 
turning on T6, so that the inhibiting effect on Tl and 
T2 will continue even after point E returns to plus 5 
volts. Thus the flip-flop has changed states. Therefore, 
the flip-flop may be “set” either by applying simul- 
taneous signals at A and B, or by applying a signal ct 
E. This, clearly, is an OR gate effect. To have more 
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Fig. 8—Flip-flop with 
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four output levels. 
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Fig. 9—Flip-flop with internal gates. 


inputs to this OR gate, additional transistors may be 
put in parallel with T5, so that the conduction of any 
one of them will cause the flip-flop to change states. 
The “resetting” of the flip-flop by the application of 
a signal at point F occurs in a similar way, so that OR 
gate action may be accomplished here too. The circuit 
as shown performs the logic functions as indicated by 
the logic diagram at the bottom of Fig. 9. 

If it is desired to have additional outputs from the 
circuit which are capable of driving n-p-n transistors, 
one or more of the diodes to plus 4 volts may be re- 
placed by a transistor in the manner of Fig. 8. 

There is one final circuit which we will consider as 
an example of the application of the inhibit principle. 
This is the simplified flip-flop circuit of Fig. 10. This 
circuit clearly requires fewer components than any 
other flip-flops we have considered. Its operation is 
as follows: The normal level at the SET input is 
minus 3 volts, so that T1 tends to conduct. The normal 
level at the RESET input is plus 5 volts, so this tran- 
sistor is off. Two stable states are possible, one with 
T1 and T2 conducting, and the other with T4 con- 


O 
=36 +36 


Fig. 10—Simplified flip-flop circuit. 
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ducting. In the former state, the conduction of Tl 
causes its collector to become plus 3 volts, which turns 
T2 on. Since T2 is conducting, T4 cannot be conduct- 
ing, so that Tl is uninhibited, and able to conduct. 
Now let us assume that the base of T1 is momentarily . 
made more negative than minus 4 volts, so that T1 
becomes back biased. This will cause its collector to 
go to plus 5 volts, thus cutting off T2 causing the con- 
duction of T4. This, in turn, inhibits T1 so that it will 
remain off even after its base returns to minus 3 volts. - 
Now under these conditions suppose that the base of 
T3 is pulled momentarily more negative than plus 4 
volts, causing T3 to become conductive and T4 to turn 
off. When T4 stops conduction, T1 is uninhibited and 
hence conducts. This causes the conduction of Tl 
which in turn causes the conduction of T2, hence as- 
suring that the flip-flop remains in the new stable 
state even after the trigger pulse leaves the base of T3. 

Although the non-symmetry between the SET and 
RESET inputs, and between the two outputs, limits 
the application of this circuit in some cases, its sim- 
plicity makes it quite desirable for those applications 
where the lack of symmetry is not a drawback. Al- 
though not indicated in the figure, gating on the SET 
and RESET inputs may easily be accomplished by 
adding transistors in parallel with T1 and with T3. 
In the former case, the result is an AND gate, while 
in the latter case, an OR gate is formed. 


Conclusion 


Current switching circuits have the feature that they 
may be operated well out of the saturation region, 
thus causing higher switching speeds. The inhibit tech- 
nique retains this, and other features of current 
switching circuits, while providing the circuit de- 
signer with an additional tool. This added flexibility 
makes possible new circuit configurations which have 


features not found in the more conventional type of 
configuration. 
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The Measurement Of Thermal Resistance* 


A Recommendation For Standardization 


ROBERT F. GATES? and RICHARD A. JOHNSON? 


Several methods of measuring the thermal resistance, ©, of semiconducting junction devices 
are compared. In particular, a discussion of the reverse current at constant voltage, forward 
voltage drop at constant current, and short-circuit input impedance (h,,) as external pa- 
rameters from which the temperature of the junction may be inferred is included. All of 
these give consistent results with either the constant reference temperature method or 
constant junction temperature method. The range of linearity of © and the effect of various 
methods of dissipating power at the junction are considered. The specifications of the com- 
plete thermal circuit (i.e. mechancial mounting, etc.) is shown to be necessary for consist- 
ant results and essential for the comparison of devices of different shapes and dimensions. 
As a result of measurements on over 200 transistors of over 30 types, the use of forward 
voltage drop in conjunction with the constant reference temperature method is recom- 
mended as the most reliable and convenient method for both germanium and silicon devices. 


T THE REQUEST of the relevant industrial stand- 
A txtization committee (JETEC-14.0), the Semi- 

conductor Devices Measurements Laboratory at 
Syracuse University undertook a study of the meas- 
urement of thermal resistance. This article is based 
on a report to the sponsors of the laboratory, the Elec- 
tronic Industries Association. As yet the reeommenda- 
tions resulting from the experimental and theoretical 
study have not been incorporated by the appropriate 
JEDEC committee. Nevertheless, we feel that the con- 
tents should be helpful to those interested in stand- 
ardization of the thermal specifications of semicon- 
ductor devices. 

The conclusions of our study are based on the meas- 
urement of thermal resistance of over 200 transistors 
of over 30 different types. Some caution should be ex- 
ercised in using the method recommended. In particu- 
lar, verification of the results for new types of tran- 
sistors is essential. In general the results apply to all 
devices in which power is dissipated at a junction but 
are not directly applicable to devices such as the field 
effects transistor. 

Thermal resistance has been defined by the JTC 
14.6 committee as “—the effective temperature rise 
per unit power dissipation of a designated junction 
above the temperature of a stated external reference 
point under conditions of steady state operation.’’** 
For the present we will assume that the definition 
adequately defines a unique parameter of the device. 
This is discussed in some detail below. 


+Syracuse University, Department of Electrical Engineering. 
*This work was supported by Electronic Industries Associatic 


** Minutes of Meeting No. 36, Dec. 13, 1956 of JETEC 14.0 and 
the amendment of Meeting No. 37, Feb. 7. 1957. 


SEMICONDUCTOR PRODUCTS e JULY 1959 


The power handling capacity of semiconductor de- 
vices is largely dependent upon the maximum tem- 
perature which the material or junction can with- 
stand. The maximum voltage and maximum current 
are also limiting factors, but in many cases the maxi- 
mum temperature rating will be exceeded first. The 
maximum junction temperature is determined by the 
temperature at which the reverse saturation current 
becomes large enough to cause thermal runaway or 
the temperature at which the density of thermally ex- 
cited carriers becomes great enough to prevent tran- 
sistor action. Unless the heat generated at the junction 
due to losses can be efficiently conducted away from 
the junction, the junction temperature will soon ex- 
ceed the maximum. Thus, there exists a relationship 
between the maximum power and maximum tempera- 
ture for a given transistor. If we assume a linear rela- 
tionship we can write 


Ly Sip he (1) 


where T,. is the temperature of the reference and 9 
is the thermal resistance from the junction to this 
reference. The above equation applies for all values of 
T; and P less than the maximum values and therefore 
can be written in more general form as 


T, = T, + 6P (2) 


- | 
cane as 


Temperature Sensitive Parameters 


Inspection of Equation 2 indicates that if we are to 
measure the thermal resistance, the junction tempera- 
ture must somehow be measured. Unfortunately, 
however, in actual devices the junction temperature 
cannot be measured directly, and therefore some 
means of inferring the junction temperature from ex- 
ternal measurements must be relied upon. 
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There are many parameters of the transistors which 
vary with temperature and much has been done to 
determine how they vary.''! 1,3! The parameter 
most frequently used for thermal resistance measure- 
ments is Igz9 or the saturation current of a reversed 
biased junction.! The use of Icgo as a temperature 
sensitive parameter (TSP) is adequate, but not com- 
pletely reliable for germanium devices, and is unre- 
liable for silicon devices. 

The voltage drop across a forward biased junction 
is a TSP which is equally reliable for both silicon and 
germanium. The variation of this drop can be deter- 
mined analytically from the diode equation 


I =1,(T) gut = ) (3) 


Where I,(T), the reverse saturation current, varies 
approximately as* 


[2 ¢ wk (4) 


* The 5/2 power comes about by considering the temperature 
dependence of the mobile carriers’ density, diffusion rate and 
lifetime. In any particular device the 5/2 may vary slightly 
because these factors are also dependent upon the impurity 
concentration. The » in the exponential term is accounted for 
by the generation-recombination centers existing in the space 
charge region of the junction. It has been shown"! that this 
effect increased as the energy gap and conductivity increase. 
Thus, the numbers » ~ 1 and n ~~ 2 for germanium and sili- 
con respectively are approximate and vary depending upon 
the impurity concentration. Although these factors will in- 
fluence the magnitude of the numbers involved in the calcula- 
tions they will not change the general form of the curves. 


V- mv 


T,- °C 


Fig. 1—Forward voltage drop of germanium junction. 
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For convenience in interpretation we may write 


1,(T) = 16( : ib oe (a 7) (5) 


where I,, is the reverse saturation current at 25°C 
(298°K). Substituting Equation 5 into Equation 3 and 
solving for the forward voltage drop V, we get 


nk : 5 nkT | ie 
Ye fee eae I eee —~In=4 
298 Y J 2, 2 298 


This equation is plotted in Fig. 1 for germanium for 
various values of forward current to reverse satura- 
tion current ratios. A similar curve may be plotted for 
silicon. Note that the slope of these curves is essen- 
tially independent of temperature for I/I,, greater 
than 1000. Experimental results show that a current 
ratio of 1000 gives an initial voltage at 30°C of ap- 
proximately 0.25 volts, indicating that there is a con- 
tribution to the voltage due to the resistance of the 
semiconductor material, contacts and leads. Fig. 2 
shows the results of tests on three different types of 
germanium transistors in which the forward current ° 
was adjusted to make the voltage drop exactly 0.25 
volts at 30°C. Note that the slope of the experimental 
curves agrees well with theory, and only the slope is 
necessary in the measurement of thermal resistance. 
An experimental test network for measuring ther- — 
mal resistance using the voltage drop across the for- 
ward biased collector junction is shown in Fig. 3. Con- 
tacts Si, and S,, are contacts on the same mercury 
relay and are used to open the normal emitter and 


© = 2N320 


5 = 2N123 


4 = 2N270 


—— 


Wage Forward biased collector - base voltage 


e@ 40 50 60 70 


Junction temperature °C 


Fig. 2—Forward voltage drop of germanium junction 
as a function of junction temperature. 
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Transistor re 
under test 


To scope or peak 
reading VTVM 


Fig. 3—Network using V,,, forward as the TSP. 


collector circuits, while S. is a set of single pole 
double throw contacts on a second mercury relay 
which applies the forward bias to the collector junc- 
tion during the off period, places the measuring in- 
strument across the junction and also establishes the 
ground reference for the measuring instrument dur- 
ing the on period. The two relays are controlled to 
give the waveforms shown in Fig. 4. In a further re- 
finement of the network the relays could be replaced 
by switching transistors. Time t; is adjusted to be as 
small as possible while avoiding the transient effects 
of turning off the transistor. The potentiometer R, is 
used to set the initial value of Voges at 30°C. Making 
E, a high voltage insures that Is is a constant current 
once R, has been adjusted. Supply Es and potentiome- 
ter R» are used to adjust the normal collector current 
Ie; while Ez is used to adjust the normal collector 


Nin? Av 


30 40 50 60 70 


Junction temperature °C 


Fig. 5—Variation of h;, as a function of junction 
temperature. 
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Fig. 4—Time relationships in the V,, test network. 


voltage. The power dissipated in the transistor may be 
determined from the readings of M» and M3. 

An experimental investigation of the common base 
input impedance (h;,) indicates that it is primarily a 
function of junction temperature and emitter current 
and is essentially independent of V, except insofar as 
V affects the power, which in turn, affects the junc- 
tion temperature. Fig. 5 shows the results of measure- 
ments on two power transistors. Here T; has been de- 
termined from independent measurements of 9 and 
Equation 2. Note that hj, is independent of Vg when 
the change in collector power is taken into account. 
Accordingly, hj, at constant Iz can be used as a TSP. 


Measurement Technique 


Thermal resistance may be measured by two dif- 
ferent methods. In the constant junction temperature 
method a TSP is observed with a small amount of 
power, P;, being dissipated while the reference tem- 
perature is maintained at a high value.'*! °°! The ex- 
ternal reference temperature is lowered by a known 
amount and additional power is dissipated in the de- 
vice until the TSP measures the same as before. This 
indicates that the temperature of the junction is the 
same as before. The thermal resistance may then be 
determined from 

6 = Tr he T v2 (7) 
P. — P, 
T, is the initial reference temperature and T,»2 is the 
final reference temperature. The first step of this pro- 
cedure is essentially a calibration of the TSP. For con- 
venience P, is usually set equal to zero. 

The second method, which may be called the con- 
stant reference temperature method, requires the cali- 
bration of the TSP vs temperature with no power 
being dissipated in the device. If the TSP is a linear 
function of temperature it is only necessary to know 
the slope of calibration curve. The external reference 
temperature is held constant and power is dissipated 
in the unit and the TSP is measured. From this meas- 
urement the junction temperature is inferred by using 
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the calibration. The thermal resistance may then be 
calculated (using Equation 2) from 


eet ln (8) 


Again P, is usually set equal to zero for convenience. 

The definition given in the introduction implies that 
a point to point measurement determines a unique 
thermal resistance. This definition is not adequate be- 
cause, in general, the temperature difference between 
two points on a device will depend on the mechanical 
(ie. thermal) mounting of the device. As an extreme 
example, the temperature difference between the top 
of the case of a power transistor and the junction de- 
pends on the mounting of the transistor. A similar 
statement may be made for any choice of external 
reference point since there is a multiplicity of distrib- 
uted heat paths rather than a single “lumped con- 
stant” path between points. Accordingly, the thermal 
resistance between the junction and another point is 
not unique but depends on the thermal mounting. The 
problem is further complicated by the fact that it is 
essential that similar devices with different shapes 
must be compared. In view of the above, we have im- 
plicitly modified the definition of thermal resistance 
to read 

“Thermal resistance shall be defined as the effec- 

tive temperature rise per unit power dissipation 

of a designated junction above the temperature of 

a stated external reference point on a specified 

mounting under conditions of steady state opera- 

tion.” 
The situation with regard to the precise definition of 
thermal resistance is quite analogous to that en- 
countered in the measurement of inter-electrode ca- 
pacitance in electron tubes. For meaningful results it 
has been found necessary to specify a standard socket 
for standard inter-electrode capacitance measure- 
ments. For both measurements the distributed nature 
of the measured quantity is important. 

The need for specifying the thermal mounting is 


Fig. 6—Thermal mounting for conduction cooled devices. 
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most apparent for conduction cooled power devices. 
While experimental results for a given mounting are 
consistent regardless of the method and TSP used, 
slight changes in the mounting cause significant dif- 
ferences in the measured values of thermal resistance. 
The experimental thermal mounting used for measur- 
ing the thermal resistance of conduction cooled de- 
vices is shown in Fig. 6. The external reference point 
is any point in the cooling water which is essentially 
an infinite heat sink. The dimensions shown were 
chosen so that all available power devices could be 
mounted in essentially the same way for a direct and 
fair comparison. Even though the thermal resistance 
measured with this mounting may be slightly higher 
than that obtained using a point on the case as a refer- 
ence point, we believe the measurement is more sig- 
nificant for the following reasons: 

1) the mounting approximates the design of heat 
sinks used in practice, 

2) the measured values are more realistic for prac- 
tical applications, and 

3) a useful, direct comparison between devices of 
different size and shape is possible. 

For low and medium power devices which depend 
on convection and radiation for removal of heat, the 
thermal resistance from point to point on the case is 
small as compared to the thermal resistance from any 
point to the surroundings. Accordingly, the case of the 
transistor is essentially a thermal “equipotential” (iso- 
therm) with all points at the same temperature. For 
such devices any point on the case of the device serves 
as a convenient external reference point. The meas- 
urement of the thermal resistance from junction to 
case is easily accomplished by making thermal con- 
tact between the whole case and a heat sink. The 
simplest mounting is to immerse the device in a liquid 
of known temperature. In addition to the thermal re- 
sistance from junction to case the external thermal 
resistance from case to surroundings should be given 
in a complete specification. Aronson gives several use- 
ful formulae for calculating the external thermal re- 
istance.'7! 


Sources Of Error 


If the thermal resistance of a device is to be char- 
acterized by a single measurement it is of interest to 
determine the range of temperatures and powers for 
which the thermal resistance is essentially constant. 
In Fig. 7 the junction temperature of a typical device 
is plotted against the power dissipated at the junction 
for various values of the reference temperature. The 
data are consistent with Equation 2 within the experi- 
mental error. Accordingly the methods described pre- 
viously will yield consistent results for any values of 
T;, T, and P within the indicated range. 

Another possible source of error lies in the method 
by which power is dissipated at the collector junction. 
Experimentally we find that within the rated maxi- 
mum values any combination of current and voltage 


SEMICONDUCTOR PRODUCTS e JULY 1959 


cs 
if 
Ni 


‘a 
{ 


1 


a) ima 
i 


which results in the same power produce the same in- 
dication of junction temperature. This is further justi- 
fication for the implicit assumption that the power is 
in fact dissipated at the junction. 

_ Since most of the methods of measurement con- 
sidered require that the power be interrupted while 
the measurement of junction temperature is made, 


the duty cycle of the timing sequence may be impor- 
@ tant. Here, duty cycle is defined as 


(9) 


where t,, is the time interval during which power is 
applied and t, is the period of the cycle. The effect of 
the duty cycle can be determined for two limiting 
cases without detailed knowledge of the thermal 
transient response of the system. If the on portion of 
the cycle is long enough for the thermal circuit to 
reach the steady state condition, and if the measure- 
ment is made immediately after the power is inter- 
rupted, the peak values of collector current and volt- 
age should be used in calculating the power. Thus 


P 


eee pack 
Ver Cl 

for t,, > thermal response time constants (10) 
On the other hand, if the period is much shorter than 
the relevant thermal response times, the average 
value of power will determine the junction tempera- 
ture. Accordingly, 


1 flon 


P = i ee | hee, dt 


ne 


= Vernilod ’ 
for t < thermal response time constants 


(11) 


If neither of the above conditions is met the relation 
between the power applied and junction temperature 
depends on detailed knowledge of the thermal re- 
sponse. This approach is not feasible because of the 
complexity of the thermal circuit. Note, however, that 
if the duty cycle is large, and if the measurment is 
made immediately after power is interrupted, the 
maximum difference between the two extreme cases 
above is given by Max error = 100 (1-d)%. Accord- 
ingly, if the on time is 9/10 of the period the maxi- 
mum error is 10%. In any case the error will not 
affect the comparison of similar transistors. 


Conclusions 


Perhaps the most important conclusion to be drawn 
from our experimental work is that a standard ther- 
mal mounting as well as the reference point must be 
specified if transistors of different physical dimensions 
and shapes are to be compared. Included in the speci- 
fications should be complete mechanical details such 
as the materials used in the construction, finish of the 
part which contacts the transistor, and the torque ap- 
plied to fasteners which hold the transistor to the 
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Fig. 7—Junction temperature as a function of power 
dissipated for different values of reference temperature. 


mounting. We suggest, for example, a thermal mount- 
ing such as that shown in Fig. 6 for all conduction 
cooled power transistors, and also recommend that the 
external reference point be any point in the circulat- 
ing water. Fig. 8 illustrates the thermal mounting 
with two different types of power transistors and the 
specifications necessary for reproducibility. 

The following points summarize our conclusions 


Copper !/8" thick (top surface 
\ve coated with solder) 

Torque 9 in-I/bs 

No. 6-32 screws 


iz" 0.D. brass 3" 0.D. brass 


tubing .032" wall 


External reference 
point (Water) 


1/4" hole 


Torque |5 in-Ibs 


Fig. 8—A recommended standard thermal mounting for 
power transistors. (a) Cross-section view of thermal 
mounting adapted to hold Diamond Auto-Radio tran- 
sistors such as 2N301, 2N178, 2N456, 2N387, etc. (b) 
Cross-section of thermal mounting adapted to hold stud 
mounted transistors such as H-4A, H-7, H-10, 2N156, etc. 
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tubing .032" wall 
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concerning the relative advantages of the various 
methods and test networks discussed above. 

1. All three of the temperature sensitive parame- 
ters, in conjunction with an appropriate test network, 
may be used with either the constant reference tem- 
perature method or the constant junction temperature 
method. The results obtained are consistent within the 
experimental error. 

2. When Igzo or hi, is used as a TSP, the constant 
junction temperature method is preferable because it 
requires no calibration. If the constant reference tem- 
perature method is used, each unit must be precali- 
brated. 

3. From our measurements, h;, is not a function of 
Vc except insofar as T; is a function of V¢. This result 
is consistent with device theory. If we assume that hi» 
depends only on the collector power, the test network 
is simple in that no switches or relays are required. 
Note, however, that calibration of each unit is stll re- 
quired if the constant reference temperature method 
is used. Also, since I; must be maintained constant, 
the range of collector dissipation is restricted. 

4. When the forward voltage drop is used as a TSP, 


calibration is essential in principle. However, for all 
germanium units tested to date the temperature de- 
pendence has been linear with a slope of 1.8 mv/°C 
when the constant current forward bias is adjusted 
for a forward voltage drop of 0.25 volts at 30°C. If 
one accepts this constant, no calibration is necessary 
and the constant reference temperature method be- 
comes a simple and rapid method. For transistors of 
radically different design the constancy of the slope 
should be checked by calibrating several units. The 
temperature dependence of the forward voltage drop 
across a silicon junction appears to be linear also with 
a slope of 2.0 mv/°C, when the bias current is ad- 
justed for 0.5 volts at 30°C. However, since we have 
not tested many different types, additional measure- 
ments are necessary to establish whether this value 
applies to all silicon units. 

In summary, use of the forward voltage drop as an 
indication of temperature in conjunction with the con- 
stant reference temperature method appears to be the 
most desirable way of measuring thermal resistance 
for both germanium and silicon devices. 
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Effect of Emitter Bypass Capacitance 


On Frequency Response Of a 


Grounded-Emitter Transistor Amplifier Stage 


THOMAS R. HOFFMAN* 


An expression for the current gain as a function of frequency is derived for a single-stage 
grounded emitter transistor amplifier. Low frequency behavior is seen to depend primarily 
on the size of the emitter bypass capacitor. A plot of current gain magnitude versus fre- 
quency reveals two low frequency “breaks’—the lowest a 6 db/octave rise and the other a 
6 db/octave drop that cancels the first at all higher frequencies. Expressions for the break 
frequencies are derived in terms of the emitter bypass capacitance and the various re- 
sistors of the circuit. A numerical example using practical values for all circuit and tran- 
sistor parameters is worked out to illustrate the use of the general formulae. 


HE CIRCUIT of a grounded emitter transistor am- 
ik is shown in Fig. 1. The desired quiescent 

operating point is attained by appropriate choice 
of R,, Re and Ry. Capacitor Cz is supposed to bypass 
R, so that the emitter will be at ground potential as 
far as a-c effects are concerned. R, is the load imped- 
ance. The signal current I, is assumed to come from a 
constant-current source. Current gain of the circuit is 
I,/Is. This ratio will be investigated as a function of 
frequency for frequencies low enough so that no para- 
sitic capacity or carrier transit time effects need be 
considered. 


Derivation of a Universal Current Gain Formula 


The small signal equivalent circuit for Fig. 1 is 
shown in Fig. 2. R, represents the parallel resistance 
of the biasing resistors R; and Ry. The parallel com- 
bination of Ry and Cy will be denoted as Z,. 

The Maxwell mesh equations for the circuit of Fig. 
2 are shown below: 


sR, = Ip (Rotrot+re+Zn)—L1 (tre+Ze) 
0 = —J, (re+Ze—tm) +11 (re+Ze+r [l1—al+Rx) 


Solution of these for the current gain ratio yields the 
following: 


I, Ry ot Ze—Tn) 


Is he (Rotr+re+Zz) (tur {i—al+R:) 
—(r.+Zx) (re+Ze—Tm 


K; = 


*Professor of Electrical Engineering, Union College, Schenec- 
tady, New York. 
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This may be regrouped to read: 


“Gh SA R, (ro+Ze—Tm) } ’ 

" (ret+Zn) (Tet Rr +Rotrs) + (Rots) (rel —a]+ Rx) 
A complete general analysis of this equation is diffi- 
cult because of its complexity. The manipulations can 
be greatly simplified, and the results much more 
readily interpreted, however, if it is assumed that for 
all situations of interest r,» (r,-+ Z,). That this as- 
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Fig. 2—Small signal equivalent circuit. 
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sumption is warrantied from a practical viewpoint is 
easily established. r, is inherently very small. Z, is the 
parallel impedance of Ry and Cy. The permissible size 
of R» is limited by the fact that the d-c emitter cur- 
rent must pass thru it. In small-signal transistors the 
inequality normally represents a factor of from 100 to 
1000, even if Cy is neglected entirely! 

With the foregoing assumption, the current gain ex- 
pression may be written as follows: 


Tae ee as 
Te SF Zp ata B 
where: Ata Ry tm 
Te =r Rt + R, + Tp 
RS (Ro+7) Te [1—a] + Rz) 
le ar Rr + Tb aa R, 
apace eIOED se 


eee Caen 


In terms of radian frequency w, the ratio becomes: 


ee IG Bis) 
(r,+B) (1 + jw CeRe) + Re 


which, upon further rearranging, becomes: 


fee ee |i tj Cz Re 
ro+Ret+B l1+jwCezR 


a 


where: ees Hist e188) 
Rr ap Ye =e B 
Now define: 
] 
on = away 
Cr Re 
] 
oR = = 
Cz R 
K,=- BP Es 
Te ae Re SP B 


In terms of these normalizing parameters, the univer- 
sal gain formula becomes: 


I ae 
epee y [eres 8, 
Ig Lene 
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Fig. 3—!K| vs o. 
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Note that R must always be less than Ry, hence wz 
is always greater than w,. Fig. 3 shows both the 
asymptotic plot (or “Bode diagram”) and the actual 
curve for | K| vs w. As approaches zero, | K | ap- 
proaches | Ky |. As w becomes large, | K | levels off at 
a value of 

co 


| Ko | 
\ | 


WE 


Approximations That Simplify The Universal Equation 


The results of the previous section required only 
the approximation that rn,» 7. + Zz. If, in addition, 
certain other approximations are made, the shorthand 
notation of the universal equation can be eliminated 
and the results expressed directly in terms of the cir- 
cuit parameters. 

First consider the quantities designated as A and B. 
If it is assumed that the collector resistance r, is much 
larger than the sum of R;, R, and r, (almost always 
true), and also that r, (1 — a) is much larger than R;,, 
(often the case—particularly if the effective load re- 
sistance is the input resistance of another transistor 
stage), expressions A and B reduce to: 


A =a Rh, 
[5 (Re = To) (1—a@) 


The quantity denoted as R now simplifies to: 


Re fey tiaGoll, 

Re+r.+ (+7) d—a) 
The ratio of the break frequencies wr and Ww, thus be- 
comes: 


ony ai ee ‘Seis foode 
2 Rn + re-+ ts + )_ Go) 
To keep this ratio small (which means that the gain 
change due to inadequate emitter bypassing is kept 
small), Rez should be small and R, large. In other 
words, the base bias source resistance R, should be 
much larger than the emitter bias resistor Ry to keep 
the ratio of wp to wz near unity. 

The general conclusion about Cy, is that it should 
be as large as possible to minimize its effect on 
frequency response of the stage. It should be men- 
tioned, however, that it is possible to use break fre- 
quencies Wr and Ww, to advantage in certain applica- 
tions. One such has been suggested for transistor 
video amplifiers.* It is pointed out that if wy is made 
to coincide with one of the high-frequency breaks of 
the amplifier circuit, the flat region of the gain vs 
{requency curve will be extended. This is done, of 
course, at the expense of gain magnitude in the flat 


range, in accordance with the familiar gain-area 
theorem. 


tT: . ‘ . ” * 
ier Sei Poni ae for Radar Video,” R. Leslie, Electronics, 
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Illustrative Example 


To illustrate the use of the relationships derived 


above, consider the following numerical example. 


Both circuit and transistor parameters are typical of 
those encountered in small-signal applications. Note 
that R,, is taken to be 20K, so that the approximation 


regarding the size of R,, relative to r, (1 — a) is not 
valid. 


Example: 
circuit constants (refer to Fig. 1): 
R, = 100 K 
R, = 25 ae SO R, == 24) K 
Re =1K 
C = 50 mfd 
Ry, = 20K 
transistor parameters: 
r, = 200 ohms 
re = 20 ohms 
as x eet SO Tm = 950 K 


The normalizing constants are now evaluated, giv- 
ing: 
Ro tm 
Sm pt 7 Ale wel Ps a 
p — Rot r) [re (La) + Ri 
fee hy hee 
ot nS eR Be 
le —- Re + B 


A 


lI 


= 18,270 ohms 


= 1360 ohms 


ASYMPTOTE 


“~ ACTUAL CURVE 


100 


Fig. 4—K, vs », showing breaks due to C.,. 


This is the gain for » — 0 (i.e.—the d-c gain). 
Further substitutions give: 


On = a = 20 rad/sec 
Cr Rr 

R= Bz (re B) = 580 ohms 
Re+r.+8B 

l ate 

OR = = 34.5 rad/see 

Ce R 
|K,| ae ag == — 13.24 

WE 


This makes the gain for w large enough so that Cy 
is no longer a factor (i.e—the midband gain of the 
amplifier). 

The results of the foregoing example are plotted 
in Fig. 4. Both the asymptotes and the actual gain 
values are shown. 

In summation, it is noted that in this particular nu- 
merical example the current gain magnitude rises 
from 7.68 at d-c to 13.24 at frequencies high enough 
to make the reactance of Cy, negligibly small. 


New Solutions to the Diffusion Equation 


WORDEN WARING* 


Diffusion techniques are now widely used for making semiconductor devices. Concentra- 
tion profiles may be obtained by analog solution of the diffusion equations for conditions 
making exact analytical solution extremely impractical. Further, the machine computation 
technique is flexible; various conditions of actual diffusions may be simulated readily and 
the effects observed. In this article are presented the general technique used, together with 
some solutions to three particular problems: the effect of later heating (double diffusion) 
on an initial diffusion, diffusion from a liquid alloy dot in through a regrown region to the 
bulk semiconductor material, and diffusion through a region with one value of the diffusion 
coefficient into a region with a different value. The application of the results to device design 

fabrication, and analysis are indicated. 


O NE OF THE MOST recently developed techniques for 
manufacturing semiconductor devices such as 
transistors and diodes is by the diffusion of doping 
materials into the semiconductor crystal lattice. Since 


*Head of Chemistry Section, Fairchild Semiconductor Corp, 
Palo Alto, Calif. The work reported here was carried on when 
the author was in the Semiconductor Division of Raytheon 
Mfg. Co., Newton, Mass. 
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the electrical characteristics of the devices are deter- 
mined by their physical structure, it is important to 
know such properties as depth of penetration, surface 
concentration, and concentration profile. In studying 
diffusion phenomena, experimental results must be 
supplemented by mathematical analysis. 

Some of the interesting things that go on when the 
doping material is diffused in are simple in general 
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form, but a quantitative description cannot be ob- 
tained by a simple analytical procedure. This is an 
appropriate situation for the use of an analog com- 
puter. The work described below shows how a 
Reeves Electronic Analog Computer (REAC), 
Model C400, was used in solving the diffusion equa- 
tions for different conditions of diffusion. The results 
obtained apply directly to the structure and therefore 
to the electrical performance qualities of transistors 
and diodes. One advantage of the analog computation 
is that various boundary conditions can be applied 
and the same general operation used to obtain solu- 
tions, whereas problems with different boundary 
conditions may require rather different approaches 
in order to obtain any satisfactory analytical solu- 
tions. 

Besides obtaining solutions to the problems, work 
with an analog computer can also define regions 
wherein simpler analytical approximations are satis- 
factory, so that analog solution is necessary only out- 
side these regions. 

The present discussion includes descriptions of the 
circuitry used, of tests of the accuracy and repro- 
ducibility of the machine solutions, and of the results 
of several kinds of problems which were worked out. 


Method of Solution 
The equation to be solved for one-dimensional dif- 


fusion is: 
6C 6 6C 
Dest Wy 1 
st oh ( ) a 


where C is the concentration of diffusant at the dis- 
tance h in from the surface at the time t, and D is the 
diffusion coefficient. If D is independent of h, then 


(2) 


Unfortunately, an analog computer such as the 
REAC can integrate with respect to only one vari- 
able, so equation (2) cannot be solved in this form. 
The techniques described by Howe and Haneman! 
and others, were used. 

The second partial derivative can be approxi- 
mated as 


(22) : 
dh* /h=h; 


at a series of selected points indicated by the ) values. 
These stations are equally spaced across the region 
considered. 

Inserting (3) into (2) gives 


Ci41 — 2C; + Cy 
(Ah)? 


(3) 


6C D 


cian (Ah)? CA 2C; + Cj-1) (4) 
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Equation (4) may be solved directly on an analog 
computer. The wiring used is shown in Fig. 1, where 
S; represents the j’th summer, Inv; the j’th inverter, 
I; the j’th integrator, M; simply a multiple junction, 
and A, and B; are potentiometers set at a scaling 
factor suitable for the desired machine speed. As op- 
erated, j} runs from 1 to 12. The potentiometer set- 
tings include multiplication by D/(Ah)*, although 
this is not shown in the figure. 

For a simple diffusion in from one surface, con- 
nections are as shown in Fig. 1, and Ciz; = 0 since 
there is no input at that end of the chain. If the ma- 
chine is run for only a short time so that C12 acquires 
only a small value, the error in assuming that C;; = 0 
is negligible. A mathematical approximation that can 
be fed in at C,; has been worked out so that the ma- 
chine can be run for longer times, but so far it has 
not been necessary to use this more sophisticated 
arrangement. 


Accuracy and Reproducibility of Results 

In order to test the results obtained, the machine 
running times must be converted to corresponding 
“problem times.” This can be done analytically by 
use of a potentiometer scale factor, or by experimen- 
tal fitting of reference runs with known mathe- 
matical solutions, or by use of one integrator for an 
internal measurement of time. 

In comparing the converted machine results 
against known theoretical results, several procedures 
were used. In one, a simple diffusion was run for 
several different lengths of machine running time, 
with duplications, and the values of the C;’s obtained 
were calculated back to a reduced time and compared 
with the error function complement, which is the 
precise theoretical solution to Equation (2) for the 
boundary condition of constant C,. In 34 runs of this 
kind, using the analytical time conversion, only 26 
of the 408 resulting values of concentration differed 
from the theoretical values by more than 1 percent- 
age unit of C/C, (1 volt). This shows reasonably 
reliable machine behavior, and indicates the ac- 
curacy attainable under usual conditions. Twelve of 
these 26 poorest values were in one run which erred 
by 5 or 6 units at the worst (central) stations; such 
a run would be rejected in the usual work, and a 


Fig. 1—Basic circuitry for diffusion problems. 
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rerun would be made. All the other runs clustered 
closely around the theoretical values. The relative in- 
_ accuracies in the values obtained are therefore 
_ everywhere less than a very few percent except for 
1: the furthest stations (C1) to Ci2) where the absolute 
| values are small. This is quite satisfactory precision 
. for investigating diffusion behavior in semiconductor 
. devices. 

A second procedure used in testing the machine 
behavior is to run a diffusion calculation wherein 
| diffusion proceeds in from both sides: C, = Ci; = 
+ 100 volts. Again, precise theoretical solutions are 
known for this case and the results can be compared 
with them. It has been used, however, chiefly as a 
test of symmetry: the readings on Cy and C;, C; and 
Cs, Cy and Cy, etc., should and do agree within a few 
_ hundredths of a volt after various reasonable running 
times, when the machine is operating properly. 

It has been found useful, each time that new work 
is started on another day, to run a duplicate of some 
earlier work first. This gives both an additional 
check on that part of the earlier work, and a check 
on the machine operation just as the new work is 
begun. 


Results Obtained For Particular Problems 


Typical problems which have been worked out 
conveniently on the analog computer include the fol- 
lowing. Others are in progress. 


(1) “Slumping” and Out-Diffusion 

In the fabrication of transistors, an initial diffusion 
of doping material into the semiconductor bulk is in 
some processes followed by a second diffusion of a 
different kind of doping material. During the time of 
the second diffusion the first material tends to diffuse 
out of the semiconductor bulk and also to level out 
its own concentration throughout the bulk (“slump”). 

Analytical (exact) solution of the diffusion equa- 
tion starting from an initial concentration distribu- 
tion described by the error function complement (es- 
tablished by the first diffusion) is not practical. To 
solve this on the analog computer, the machine is run 
initially with the usual +100 volts input (C,), then 
with zero voltage input (C, = 0). 

A one point fit was used to reduce the results 
to the dimensionless parameter h/2\/Dt. Smoothing 
between stations gives the curve shown in Fig. 2. 
They represent the results of diffusing in for a time t’ 
with surface concentration C,, then diffusing subse- 
quently for a time t” with zero concentration so slump- 
ing and out-diffusion go on. The total time, t = t’ + 
t’, is in the abscissa unit; the parameter on the curves 
is t’/t’. From these results, conclusions such as the fol- 
_ lowing can be drawn. In double difiusion processes, the 
concentration of the first diffusant should be calculated 
on the basis of the total time in both diffusions, rather 
than assuming it is static during the second diffusion. 
Use of this rule with the erfe values will lead to errors 
of less than 5 percentage units in C/C, for all values 
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Fig. 2—Slumping and_ out-diffusion. Parameter on 
curves is t’/t’. 


of h/2 VDt greater than 0.8, and when the second time 
of diffusion is not more than half as long as the first. 
For locations nearer the surface than is represented 
by the 0.8 value for the particular D and t, the appro- 
priate curve in Fig. 2 should be used. 

The effects of such changes in the concentration 
profile on base width, resistivity, and similar tran- 
sistor properties are discussed elsewhere by Kauf- 
mann and Freedman.” Not only are the concentration 
values of interest, but in addition the slope of the 
curve significantly affects properties such as junction 
capacitance. 

It is known to be erroneous to assume that the sur- 
face concentration is zero. A better approximation is to 
assume a surface concentration of some finite value. 
This value is not known for systems of present inter- 
est. To test its effect, several values were assumed for 
the surface concentration, C,’, for the time of slumping 
and out-diffusion. In Fig. 3 are plotted the results 
when the slumping and out-diffusion.time is just % 
the time of the first diffusion. It is seen that for h/2\/Dt 
greater than about 0.8, the total spread is less than 5 
percentage units, regardless of the surface concentra- 
tion assumed for out-diffusion; but for lower values 
the particular conditions of out-diffusion may sig- 
nificantly affect device properties. 

Instead of a constant surface concentration, a rate 
limitation at the surface has been used by Smits and 
Miller*-4-° and others.®* In general, this implies a sur- 
face concentration varying with time, so that the 
curves, while falling between the 1.0 and 0 limiting 
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Fig. 3—Effect of C, on slumping and out-diffusion. 
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Fig. 4—Diffusion from regrown region; shorter time. 
Arrow shows boundary distance. 


curves in Fig. 3, will have a somewhat different shape 
from the middle curves shown there. 


(2) Diffusion from liquid dot through regrown region 

A transistor structure (p-n-p or nN-p-n) can be made 
by firing in a dot alloy containing both n and p type 
materials, then cooling slightly to obtain a regrown 
region, and holding the system at this temperature 
long enough for the impurities to diffuse into the bulk 
semiconductor material from the regrown region. The 
concentrations of dopes are so adjusted that the faster 
diffusing material will overdope to form the base 
region, and the slower diffusing material will over- 
dope in the regrown region. This technique was used 
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and described by Benjamin and Longini,* and has been _ 
developed by Beale,® Freedman and co-workers," | 


Schwartz and Slade,!! and doubtless by others. The 
diffusion processes are similar to those in the grown- 
diffused technique.!*:13.14 

To represent this on the REAC, +100 volts was 
applied through potentiometer A, to represent the 
constant surface concentration, as for the usual in- 
diffusion. But in addition, —100 volts was applied in- 
itially to the first few integrators; the usual zero volt- 
age was applied to all the others. This corresponds to 
a saturated regrown region from the surface, station 
zero, in to some selected location, and then zero con- 
centration in the bulk material beyond. Runs were 
stopped when Ci. = 0.10, 1.00, or 5.00, and machine 
time was converted analytically to diffusion time. 

This problem is quite similar to one which can be 
solved analytically, wherein there is the same sharp 
initial distribution, C, on one side of a boundary and 
zero on the other, but the regions extend to infinity 
on each side instead of having a point with fixed C, 
as in the present case. The solution to the doubly- 
infinite problem is given by Jost" as 


G. 
Ce [1 — erf (h/2~/ Dt)] 


; (5) 
where h is measured in both + and — directions from 
the boundary, and by definition 


erf (—h/2~/ Dt) = —erf (h/2~/ Dt). (6) 

This distribution can be calculated for the same 
times, diffusion coefficient, and dimensions (value of 
Ah) as used in the REAC solution, and the two results 
compared. Comparison is made by setting the posi- 
tion of the initial boundary surface in the doubly- 
infinite problem at the halfway mark beyond the last 
station with initial concentration C, (that is, at station 
3%% or 64%). The resulting graphs, of which only two 
are presented here, Figs. 4 and 5, show that for rela- 
tively short diffusions or relatively thick regrown re- 
gions the doubly-infinite solution represents well the 
experimental behavior (except at the outer bound- 
ary), even after considerable smoothing of the profile 
has occurred. But for long diffusion times or very thin 
regrown regions, the difference becomes quite notice- 
able. Fig. 4 corresponds to a time of 3.2 minutes if the 
regrown region is 0.013 mil thick, or other times for 
other thicknesses; Fig. 5 corresponds to 1834 minutes 
for a 0.014 mil regrown region, or other times for other 
thicknesses. At the deep penetration end of the curve, 
the use of Ci; — 0 causes the machine curve to be 
erroneously low in both Figs. 4 and 5. Both figures are 
based on runs wherein Cys rose to 5.00, which is much 
higher than is permitted in most runs. 


(3) Diffusion through two | 4 : 
diffusion coetholeris ayers with different 


Instead of changing the initial distribution of ma- 
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terial (concentrations) as in the preceding section, we 
: may start with a surface concentration C,, maintained 
, constant throughout the problem, and the diffusant 
going into material with zero concentration of dif- 
| fusant, but having a different coefficient of diffusion in 
, different layers. This can correspond to diffusion 
through an oxide layer and then into the semicon- 
} ductor (two constant but different values of D in dif- 
_ ferent regions) or can correspond to a variation of D 
_ with position within the semiconductor (for example, 
_ variation of D with the concentration of a prior dif- 
fusant, as in double diffusion). 

In this case, Equation (1) cannot be differentiated 
as before. Instead, an approximation is used: 


Y 5 a. (7 ' 
6C & 6 Dj+ ( i+1 ye (7) 
ot bh Ah 


where Dj; is the average value of the diffusion co- 
efficient in the region between j and (j-+1). From this 
the final equation is represented by 


BOR. DiC — (Det Dj-).C; + DC 
at (Ah)? 


(8) 


where D;_ is the value between j and (j—1). If all 
D’s are equal, this reduces to Eq. (4). For those stations 
where D;, = D;_, the wiring in Fig. 1 is still satis- 
_ factory. But where D changes, the modification shown 
in Fig. 6 is used. 

In one series of machine runs, D was kept constant 
: for j greater than 3, and set at a different but also con- 
stant value for j less than 3. The ratio D3 _/D3 + 
was set on the two groups of potentiometers as 1/5 
for one group of runs and as 5/1 for another, with the 
results shown in Figs. 7 and 8. In both cases, D in the 
bulk material is taken as 1 x 10-'? cm?/sec, and Ah 
as 0.01 mil, so the outer layer is 0.03 mil thick. In 
Fig. 7, D in the outer layer is 0.2 x 10-1”; in Fig. 8 
it is 5 x 10”. The diffusion times are then approxi- 
mately as shown in the figures. In such runs, the con- 
centration profiles in the bulk materials can be com- 
pared with profiles obtained from simple in-diffusions, 
and the effects on device structure noted can be related 
to resulting device behavior. 


Limitations In Use of Analog Computer 


There are several limitations on the methods de- 
scribed here for solving diffusion problems. In the first 
place, the range of concentrations which can be di- 
rectly obtained is not large. The maximum voltage 
used is 100 volts, and the smallest amount of this re- 
liably measured is under the best conditions about 0.1 
volt (readings can be made only to 0.01 volt), so this 
gives a range of only three orders of magnitude. In 
some diffusion problems in device fabrication, five or 
six orders of magnitude may be of interest. It may be 
possible to set up the REAC to deal with a greater 
concentration range; this is a problem for future work. 
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Fig. 5—Diffusion from regrown region; longer time. 
Arrow shows boundary distance. 


Fig. 6—Circuit for station where D changes. 
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Fig. 7—Slower diffusion in outer layer. 
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A second limitation is that the derivative (6C/d5h) : 
cannot be obtained directly. However, the difference 
AC (corresponding to a chord approximation AC/ Ah) 
can be obtained and plotted automatically as a func- 
tion of t. . 

A third limitation is that the approximation used is 
poorer at large values of h (stations further in) as 
machine time goes on: it is less and less adequate to 
assume that C;, — 0. This could be improved by using 
an approximation to feed in an artificial C,; as a func- 
tion of time, but as indicated above there seems no 
need to use long machine running times in most prob- 
lems. The magnification (value of Ah) is adequate and 
stations seem appropriately spaced for analogy to most 
real diffusion needs. 


Conclusion 


An analog computer such as the REAC is quite 
useful in solving diffusion problems, partly because 
of its convenience for problems analytically difficult 
and partly because of its flexibility and the ease of 
changing conditions from one problem to another. 
The reliability and reproducibility of its numerical 
results seem quite adequate for the needs of work on 
diffusion devices. Tests of reliability and reproduci- 
bility must be incorporated into each separate prob- 
lem as far as possible, because as yet no general 
quantitative statement can be made about these qual- 
ities. 

Results so far have given concentration patterns 
resulting from various conditions of diffusion, and 
have enabled the effects of these patterns on device 
behavior to be analyzed. In continuing this work, next 
attention will be paid to variations of D with time and 
position, and of Cy with time. Such results seem of 
value in analyzing the effects of interactions of III-V 
materials with each other, and the effects of different 
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Fig. 8—Faster diffusion in outer layer. 


heating and cooling procedures on the resulting con- 
centration patterns. 
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APPLICATIONS ENGINEERING DIGEST No. 7 


|Silicon Solar Cells; Ferranti Ltd., Gem 
/Mill, Chadderton, Oldam, Lancs., Eng- 
land. 


Silicon Solar Photovoltaic Cells will 
convert radiant energy from the sun or 
from incandescent lamps into electrical 
energy. They have a response time of 
a few microseconds and operate with- 
‘out deterioration under conditions of 
‘high temperature and humidity. A 
photovoltaic cell is an electrical gen- 
erator capable of driving current round 
an external circuit, the p region con- 
nection becoming positive with respect 
to the n region connection. 

This can be approximately repre- 
sented by an infinite impedance gener- 
ator, Fig. 7.1, of constant photo current i 
in parallel with a silicon diode, where 
Rp is the cord resistance of the diode. 
The photo current which has been 
caused to flow across the junction by 
the radiation is approximately propor- 
tional to the rate at which light quanta 
impinge on the cell and this current 
therefore increases with the intensity 
of the illumination. When the cell has 
no load connected to it the external 
current must be zero; therefore the 
photo current must be balanced by 
equal forward diode current ip = i: The 
open circuit voltage Vopo is a logarithmic 
function of the photo current i and 
its upper limit is about 0.6 volts. If the 
cell is completely short circuited the 
maximum possible current i, that can 
flow is the photocurrent i. Under defi- 
nite load conditions the diode voltage 
Vp becomes less than the open circuit 
voltage Vno and the load current iz less 
than the short circuit current i. 

Figure 7.2 shows circuits for deriving 
an electrical output at or above a pre- 


determined level of light intensity. 

In the circuit shown in Fig. 7.2 the 
value of the resistor R is dependent 
on the level of light intensity to be 
permitted before the passage of appre- 
ciable transistor collector current. R 
provides a positive bias such that at 
low levels of light intensity the base 
current is, which now equals I.., flows 
into the base of the transistor causing 
cut off. Under these conditions the cell 
will be biased in the reverse direction, 
the value of this reverse voltage being 
limited by the germanium diode. When 
maximum light falls on the cell caus- 
ing it to conduct most of the 150 yA 
or so of current drawn will flow from 
the base of the transistor and cause it 
to bottom. The collector voltage of the 
transistor will therefore vary from 
about 6 volts negative to almost zero, 
the balance of the 150 wA taken by the 
cell flowing from the positive line. 

In the second circuit, Fig. 7.3, the re- 
sistor R is connected to the negative 
line and its value is chosen so that at 
low levels of light intensity a current 
of about 125 wA is drawn from the 
transistor base causing the transistor to 
bottom; under these conditions the cell 
will be biased in the reverse direction. 
When maximum light falls on the cell, 
causing it to conduct, a path is pro- 
vided for both the current flowing 
through R and the small base current 
iz (which is equal to I-.) and this base 
current causes the transistor to cut off. 
The value chosen for R will determine 
the level of light intensity to be per- 
mitted before the transitor ceases to 
bottom and in this case the collector 
voltage will vary from almost zero to 
about 6 volts negative. 


Ed. Note—The OC44 is a p-n-p ger- 


Fig. 7.1—Actual and equivalent circuits 
for a photovoltaic cell in a simple con- 
figuration. 


Fig. 7.2—Circuit for deriving an elec- 
trical output at or above a predeter- 
mined level of light intensity. 


LI GHT\\ 


R 
R= 47K ohms 
-6v 
Fig. 7.3—Another circuit for accom- 


plishing the same result as that of 
Fig. 7.3 


manium transistor fabricated by Am- 
perex Electronic Corp., Hicksville, N.Y. 
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High Frequency Pulse Generator; 
_ Lansdale Tube Co., Lansdale, Pa. (C. I. 
Swanson) 


This report describes a _ high-fre- 
quency pulse generator which was de- 
veloped for the purpose of testing high 
speed counting circuits. It is capable 
of producing pulses with a repetition 
rate of between 5.5 and 20 mc. with a 
controllable duty cycle. The circuit is 
shown in Fig. 8.1. 

Transistor Tl is used in a Hartley 
oscillator circuit which tunes the range 
of 5.5 to 20 mc. The output is suffi- 
ciently invariant in amplitude to give a 
reliable output from the clipper. This 
is accomplished by ganging the feed- 
back and tuning condensers so that 
the feedback capacitor will approxi- 
mately compensate for the phase shift 
in the transistor at any given fre- 
quency. 
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OUTY-CYCLE 


Fig. 8.1—20 megacycle pulse generator. 


The or circuit clipper selects a por- 
tion of the sine wave as determined by 
the desired duty cycle, and delivers a 
negative pulse to the emitter load. The 
duty cycle is determined by the base 
bias of T2. The bias of T3 serves to 
clamp the pulse at any desired d-c 


e JULY 1959 


level. This enables one to direct couple 
the output emitter follower to the or 
circuit load. The output emitter fol- 
lower is used to provide a reasonable 
power via a low impedance output. 
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APPLICATIONS ENGINEERING DIGEST No. 9 


Broadcast Band Amplifier Circuits 
Using Drift Transistor; Radio Corpora- 
tion of America, Somerville, N.J. 


This digest discusses considerations 
involved in the design of rf amplifier 
stages using the RCA-2N544 transistor. 
The 2N544 is a drift transistor of the 
germanium p-n-p alloy type designed 
specifically for use as an rf amplifier at 
standard broadcast frequencies. Circui‘s 
and performance data for the 2N544 in 
a tuned rf amplifier stage with and 
without neutralization and in an un- 
neutralized “broadband” rf amplifier 
stage are presented. The original appli- 
cation note gives detailed graphical data 
on the characteristics of the 2N544 which 
determine its performance in common- 
emitter rf amplifier circuits. 

Neutralized tuned rf stages, in com- 
parison with unneutralized stages, pro- 
vide higher power gains and signal-to- 
noise ratios, and in superheterodyne re- 
ceivers, more satisfactory rejection of 
image and other spurious responses, In 
“broadband”’-type circuits neutraliza- 
tion also provides better discrimination 
against adjacent-channel interference. 
Cost considerations, however, frequently 
dictate the use of unneuiralized tuned 
or untuned (broadband) rf amplifier 
stages, especially in portable receivers 
of the “personal” type. In addition to 
low cost, the principal advantage of 
broadband amplifiers is their small 
space requirements. A broadband am- 
plifier can be made to have the de- 
sired bandwidth—for example over the 
broadcast band—either by the proper 
choice of shunt resistance or by in- 
corporation of equivalent losses in the 
output transformer. Substantially uni- 
form response over the entire pass- 
band can be obtained if the amplifier is 
peaked at the high frequency end of the 
band to offset the reduction of gain re- 
sulting from the decreased input im- 
pedance of the following stages at the 
higher frequencies. In such cases the 
required peaking capacitance can be 
supplied entirely by the output capaci- 
tance of the rf amplifier stage and the 
input capacitance of the following stage. 

Figue 9.1 is the circuit and Table 1 
the performance data of a tuned rf am- 
plifier stage using the 2N544, Fig. 9.2 
is the circuit and Table 2 the perform- 
ance data of an unneutralized broad- 
band rf amplifier stage. 
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-6 VOLTS 


Fig. 9.1 — Circuit 


of a tuned rf am- CONVERTER 


a 
ny 
ea 


c z 
plifier stage with ) (RCA-2N412) 
and without neu- / 
tralization. y) 

ip 
es O VOLTS 3 


jb Be = L __ _»GANGED WITH OSCILLATOR 
TUNING CAPACITOR 
Characteristics Neutralized Unneutralized 
Primary tuned 
resistance 
C1, Ce—Tuning capacitor, 22 to 185 mmf, air at 1 Mc—ohms 10200 3630 
variable Primary input 
C», C:—Trimmer capacitor, 2 to 20 mmf, mica resistance 
variable at 1 Mc—ohms 9340 3590 
C3, Cs, Cs—0.05 mf, 50 volts, ceramic Turns ratio— 
C;—Neutralizing capacitor, 7 mmf. 500 volts, Terminals 1 and 3 
mica to terminals 1 and 2 3.87 6.48 
Ri—39000 ohms, 0.5 watt Turns ratio— 
R2—3960 ohms, 0.5 watt Terminals 1 and 2 to 
Rs, Rs—470 ohms, 0.5 watt terminals 4 and 5 3.02 Pen Wa 


T:i—Antenna Transformer; wound on 34-inch 
by 14-inch ferrite core, 4 inches long; 
primary—86 turns No. 3/41 Litz wire; 
secondary—4 turns No. 3/41 Litz wire; 
Q at 1 Mc; loaded—100; unloaded—370. 


Unloaded Q at 1 

Mc (transformer 

mounted in chassis) 52 52 
Loaded Q at 1 Mc 

(transformer mounted 


T:—Interstage transformer in chassis) 23.8 25.6 
R5 
-6 VOLTS 
T2 
Ge TO 
Fig. 9.2 — Circuit S (ee 
of an unneutral- C 2 2 
ized “broadband” / 
rf amplifier stage. RA 
/ 
/ 
if 
/ 
/ O VOLTS 
fe 


eal > GANGED WITH OSCILLATOR TUNING CAPACITOR 


Ci—Tuning capacitor, 22 to 185 mmf 

C2—Trimmer capacitor, 2 to 20 mmf, mica 

Cs, Cs, Cs, Ce—0.05 mf, 50 volts, ceramic 

Ri—39000 ohms, 0.5 watt 

R2—3900 ohms, 0.5 watt 

Rs, Rs—470 ohms, 0.5 watt 

Ri—2200 ohms, 0.5 watt 

T:—Antenna transformer; wound on 34-inch 
by. Y%-inch ferrite core, 4 inches long; 
primary—110 turns No. 3/41 Litz wire; 


secondary—6 turns No. 3/41 Litz wire; Q 
at 1 Mc; loaded—170; unloaded—105. 
T:—Interstage transformer; primary tuned 
resistance at 1 Mc, 37800 ohms; primary 
input resistance at 1 Mc (secondary 
terminated in input resistance of 800 
ohms), 4200 ohms; turns ratio (terminals 
1 and 3 to terminals 1 and 2), 2.12; Q at 
1 Me (transformer mounted in chassis) ; 

unloaded—18; loaded—2. 


TABLE 2 
SuERIGRIES FREQUENCY POWER_GAIN 
NEUTRALIZED _UNNEUTRALIZED Ma) 
600 


Table 1—Gain characteristics of the 


Table 2—Gai isti 
tuned rf amplifier shown in Fig. 911. able Gain characteristics of the 


“broadband” rf amplifier stage shown 
in Fig. 9.2. 
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Certain semiconductors have been found to possess 
useable properties for strain gauge applications. 


Devices operate efficiently as frequency converters 
at frequencies as high as 60 kme. 


A new set of orthogonal localized functions is dis- 
cussed; an alternative derivation of the effective mass 
equation is given. 


Two completely transistorized systems have been de- 
veloped and are described. 


An analysis is given based on an integral equation 
involving stored minority carrier charge in the base 
layer. 


A 2-impurity simultaneous-diffusion process for pro- 
ducing structures in silicon suitable for p-n-p-n 
switches 


Design and performance relationships and d-c stability 
considerations for a 2-stage direct-coupled pream- 
plifier. 


This paper describes two of the many possible mag- 
netic-amplifier transducers, and one of the many 
possible trinistor output circuits. 


Design of the Stromberg-Carlson Type 545 com- 
pandor for voice transmission communications cir- 
cuits. 


Circuit losses inherent in stabilized RC-coupled am- 
plifiers are discussed and analyzed at audio fre- 
quencies. 


Summary articles covers theory of solids, qualitative 
aspects of semiconductors, p-n junctions, metal semi- 
conductor contacts, and theory of junction transistors. 


Tutorial review of physical concepts of semiconduc- 
tors with applications to p-n junctions and transistors. 


Temperature stabilization can provide reliable short- 
term operation of germanium transistors in small- 
signal amplifiers at 100°C or higher. 


Structure and basic characteristics of the unijunction 
transistor. 


H-F equivalent circuits are developed; Z,Y, and h 
parameters for each of these circuits are tabulated. 


Performance evaluated in test circuit which isolates 
reverse current from forward current, and removes 
reverse voltage while forward drop is measured. 


Noise at r-f from semiconductor diodes has been 
found to involve the reverse recovery transients in 
the diodes. 


Modern applications using indium arsenide and indi- 
um antimonide. 


Accuracy exceeding +3% up to 30 mc and +5% up 
to 100 me is obtained with method that can be 
adapted for production testing. 


Simple design rules limit current and power dissipa- 
tion to safe limits when the input stage is overloaded. 


Four portable transistor receiver circuits are sum- 
marized in tabular form. These include autodyne 
converter, reflex, avec diode, and untuned r-f stage. 
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TITLE PUBLICATION 
Transistorized Geiger Electronics 
Counter Fits in Probe. Jan 16 1959 
Materials for Infrared Electronics 
Windows, Domes, Lenses Jan 16 1959 
Transitorized 16mm Electronics 


T.V. Remote Film Camera Jan 16 1959 


Differential Amplifier Electronics 
Features D-C Stability Jan 16 1959 
Hall-Effect Devices Electronics 
Jan 16 1959 
Function Generator for Electronics 
Sines or Cosines Jan 23 1959 
New Transistor Works Electronics 
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Temperatures 
Starved Transistors Electronics 
Raise D-C Input Jan 30 1959 
Resistance. 
Voltage Comparator Electronics 
With High Speed Jan 30 1959 


Switches. 


Silicon Solar Cells Electronics 


Jan 30 1959 
Transistorized F-M Electronics 
Oscillator Jan 30 1959 


The Effect of Recombina- Electronics Exp. 
tion at the Non-Rectifying (Comp Trans) 1/59 
Electrode on the Properties Radiotekh i Eleck 
of Germanium Alloy No 12, Dec 1958 
Diodes 


Analysis of the Operation Electronics Exp. 
of a Wattmeter With a Part trans 1/59 
Cavity Resonator Which Izvestia VUZ Rad 


Makes Use of the Hall 7/8/58 

Effect in Semiconductors. 

Diffusion Attenuation IBM JI R&D 

Part I Jan 1959 

Diffusion Attenuation IBM Jl R&D 
Part II Jan 1959 

The Thermal Equivalent IBM Jl R&D 
Circuit of a Transistor. Jan 1959 


Applications of RCA Drift IRE Trans 
Transistors to FM Receivers Bdcast & TV Rec 


Jan 1959 
A New AGC Circuit IRE Trans 
Bdcast & TV Rec 
Jan 1959 
Transient Analysis of IRE Trans Elec Dev 
Junction Transistors. Jan 1959 


The Germanium MicrowaveIRE Trans Elec Dev 
Crystal Rectifier. Jan 1959 


Effect of Transient 
Voltages on Transistors 


IRE Trans Elec Dev 
Jan 1959 
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Ratemeter circuit converts output. of Halogen-type 
counter directly into meter indication corresponding 


to radiation intensity. 


Table lists properties of representative infrared trans- 
mitting materials for military systems, industrial and 
laboratory equipment. 


Using a 12V d-c to 110V a-c power supply, unit per- 
mits 16-mm sound-on-film camera to be operated in 
field from 12V nickel-cadmium cells. 


Incorporates temperature-compensating, elements with 
positive coefficient to obtain superior low drift 
characteristics. 


Description of gyrator and isolator, circulator, elec- 
trical compass, digital-to-analog encoder, product 
modulator and demodulator, switch, magnetic field 
meter, transducer, negative-resistance amplifier, mag- 
netic-field-variation meter, and ammeter. 


Transistorized generator provides an output voltage 
which is a cosine of the input voltage; also performs 
as sine function generator. 


Device is fabricated from a bicrystal formed by two 
crystal-lattice structures of different grain orientation. 


Bootstrapped-collector circuit provides 500-megohm 
d-c input resistance with 100V input signal; a-c re- 
sistance is even higher. 


Transistorized unit continuously monitors two d-c 
voltages. When difference between voltages exceeds 
preset threshold voltage switch delivers up to 2 amps 
to load. 


Tables indicate characteristics and design comparison 
data. 


Two-transistor circuit combines a Q multiplier with 
the Miller effect top roduce FM oscillator and Mod- 
ulator. 


Effects of increasing the recombination rate at the 
second electrode in diodes with a thin base. 


The semiconductor pick-up unit is placed at the anti- 
node of the magnetic field in a resonator that is 
coupled to the basic transmission line by magnetic 
coupling. 


Perturbation methods are applied to calculating the 
attenuation of signals moving in an electric field. 


The amount of diffusion attenuation has been com- 
puted as a function of frequency for the case of 
uniform electric field. 


An exact electrical analogue is given for the thermal 
system between the collector junction and the con- 
Stant-temperature environment of a transistor. 


Uses in r-f, oscillator, and i-f stages. Design, per- 
formance, gain, bandwidth, S/N ratio, and frequency 
stability discussed, 


In a small transistorized receiver it is usually only 


possible to apply a-g-c control voltage to one stage. 
Circuits are analyzed in detail. 


Transient behavior of S.B. and D.J. transistors may 
be represented by an equivalent network consisting 
of two diodes and a nonlinear base resistance. 


Model to include minority Storage carrier effect in 


ae mixer crystal diodes is proposed and dis- 
cussed. 


Analytical expressions are derived to show the differ- 
ent transistor parameters and circuit constants which 
influence the magnitude of transient energy. 
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4 Comparison of the 
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Structure of Deuteron- 
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Upon Low-Temperature 
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tate Parametric AmplifiersJan 1959 
it Microwave Frequencies 
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Jl Electrochem Soc. 
Jan 1959 


Jl Electrochem Soc. 
Jan 1959 


Particle Size Effect and theJ1 Electrochem Soc. 
Distribution of Barriers in Jan 1959 


Activation of ZnS and (Zn, Jl] Electrochem Soc. 


Jan 1958 


Jl Elec & Control 
(Brit) Jan 1959 


he Electrical ConductivityJ] Elec & Control 


(Brit) Jan 1959 


Physical Review 
Jan 1 1959 


Physical Review 
Jan 1 1959 


Physical Review 
Vans 11959 


Physical Review 
Jan 1 1959 


Physical Review 
Jan 1 1959 


Physical Review 
Jan 1 1959 


Germanium p-n-p-n diode and triode switches were 
made to operate primarily on the base field mechan- 
ism. Wide and narrow base designs discussed. 


Extension of previous treatments provides means of 
calculating current gain for any arbitrary distribution 
of doping densities. 


Electronic equipment protects against dangerous 
power excursions and periods. Transistorized circuits 
provide reliability. 


Description of equipment that scans 500 pairs of 
strain-gage inputs at a repetition rate of 50 pairs per 
second, Uses transistor driver circuit. 


Chromium doped cobalticyanide has been utilized in 
the design and construction of a solid state maser 
operating between 300 to 500 me. 


Review of the method of operation of these ampli- 
fiers, performance achieved and utilization of low- 
noise figures available. 


Principles of parametric amplifiers are described us- 
ing low-frequency circuits and their mechanical 
analogs. 


Films of ZnS:Cu, Cl and ZnS:Cu, Mn, Cl have been 
made by a two-step evaporation-firing process. 


A photovoltaic cell is described which is a sensitive 
to light spot movement in two dimensions. 


Arsenic purification and preparation of InAs dis- 
cussed. 


Construction and performances characteristics of 
magnesium-bismuth oxide dry cells are described. 


Method is based on the formation and decomposi- 
tion of hydrogen selenide. Details of apparatus of 
production given. 


Particle size is found to be a significant factor in 
empirical equations describing brightness-voltage re- 
lationships. 


Linear relations in the peak locations and an energy 
diagram are discussed. 


The equations for the generation rate of electrons 
and holes by impact ionization in step p-n junctions 
have been derived in a more exact form. 


Variation of electrical conductivity and Hall co- 
efficient of a number of snecimens of BixTe; over a 
wide range of doping concentrations. 


The galvanomagnetic properties of gallium single 
crystals in a transverse magnetic field have been in- 
vestigated at helium temperatures. 


Films of cubic silicon carbide have been grown by 
the reaction of methane with a high-purity silicon 
surface at 1300° C. 


Infrared transmission and reflectivity measurements 
have been made on several samples of green alpha 
(hexagonal) SiC. 


The structure of deuteron-irradiated germanium is 
discussed in the light of recent experiments. 


The annealing after successive irradiations showed 
a gradual recovery of the expansion which was ob- 
servable. 


The decrease of the luminescence intensity with in- 
creasing temperature can be attributed to a competing 
recombination process. 
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TITLE PUBLICATION 


CONDENSED SUMMARY 


AUTHOR 


Physical Review 


Specific Heat of 
Jan 1 1959 


Germanium and 
Silicon at Low 
Temperatures 


Physical Review 


Zeeman-Type 
sP Jan 1 1959 


Magneto-Optional 
Studies of Inter- 
band Transitions 
in Semiconductors 


Hall Effect for 
Electrons in Silver 
Chloride 


Conductivity of Grain 
Boundaries in Grown 
Germanium Bicrystals. 


Physical Review 
Jango L959 


Physical Review 
Hany a9 59 


Proc Inst of EE (Brit) 
Jan 1959 


Power Measurements 
at 4 Gc/s by the 
Application of the 
Hall Effect in a 
Semiconductor 


The Reactatron-A Low- Proc IRE Jan 1959 
Noise Semiconductor Diode, 


Microwave Amplifier 


A Feedback Light- 
Amplifier Panel for Picture 


Proc IRE Jan 1959 


Storage 

Photoelectronic Circuit Proc IRE Jan 1959 
Applications. 

A Semiconductor Current Proc IRE Jan 1959 
Limiter 

Large Scale Res Appd in Ind 


Preparation of Ultra- Mar 1959 


Pure Silicon. 


Large Scale Preparations 
of Ultra-Pure 
Germanium 


Res Appd in Ind 
Feb 1959 


Power Transistors Res Appd in Ind 


Jan 1959 


Transistor Switching Semiconductor Products 


Circuits, Part I Jan. 1959 
A Glass Transistor Semiconductor Products 
Enclosure Jan. 1959 
Transistor Thermal Semiconductor Products 
Stability Jan. 1959 


Transistor Characterization Semiconductor Products 
at VHF Jan. 1959 


Effects of Nuclear US Govt Res Rep 
Radiation on SemiconductorJan 16 1959 
Materials and Devices Order LC PB134674 


Cadmium Sulfide Solar US Govt Res Rep 
Generator Jan 16 1959 
Order OTS PB151276 


US Govt Res Rep 
Jan 16 1959 
Order LC PB134634 


US Govt Res Rep 
Jan 16 1959 
Order LC PB134835 


Performance of Transistors US Govt Res Rep 
in Video Amplifiers Jan 16 1959 
Order LC PB133817 


Transistor Admittance 
Measurements in the 
0.1 to 5 MC Range. 


Analysis and Applications 


of a Variable Capacitance 
Junction Diode. 
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The specific heats measured are in very good agree- 
ment with older results, with some slight variations. 


In the presence of a magnetic field the quasi-con- 
tinuous levels of simple energy bands are coalesced 
into one dimensional sub-bands. 


The Hall mobility of photoelectrons has been meas- 
ured down to 5°K in single crystals of silver chloride. 


The conduction of current in the grain boundary of 
a grown germanium bicrystal has been studied as a 
function of doping. 


Use of a resonant cavity with the crystal located at a 
point of strong magnetic field forms basis of watt- 
meter described. 


Amplifier uses two non-linear capacitor microwave 
p-n junction diodes in a balanced hybrid system. 


A transient input image can be stored for an indefinite 
time as a black-and-white or on-off picture on a 
light-amplifier panel incorporating feedback. 


Study of properties of photoelectric devices and of 
the applications of these elements to the design of 
switching circuits. 


Two-terminal constant-current device employs the 
principles of the field effect transistor. 


Difficulties in preparation, methods of preparation 
du Pont process, iodide process, reduction of SiCl« 
and SiHCl:, purity of product, and Silane process 
are discussed. 


Occurence, properties, extraction, and final produc- 
tion of intrinsic germanium described. 


Features of the electrical and mechanical design of 
power transistors are discussed. 


Description, formulas, precautions, and circuits that 
may be required by the design engineer. 


Basic technique that was used to make an all-glass 
enclosure possible is described. 


The thermal stability of a transistor connected in 
a general bias circuit, with no signal applied is 
analyzed, 


A technique for the characterization of transistors in 
ne common emitter configuration at WHF (30-300 
mc). 


Methods by which nuclear irradiation produces de- 
fects in semiconductor materials. 


The efficiency of CdS photovoltaic cells has been 


increased to a range of 3 to 5%. Cells described give 
50 mw at 6 to 7V. 


Report covers the modifications of the Wayne-Kerr 
r-f Admittance Bridge Type B-601 to measure ad- 
mittance parameters. 


Result of attempt to explore the possible uses for 
the capacitance found in p-n junctions. 


Detailed theoretical data are presented on the per- 


formance of 2N139, TA-E1579 SB-1 
transistors in video amplifiers. Phe oe 
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ecember 27, 1955 

2,728,857 Electronic Switching—G. C. 
Sziklai. Assignee: Radio Corporation of 
America. An electronic switching system 
including a semiconductor device of the 
n-p-n type, a control circuit, a utilization 
circuit, and means for reversing the direc- 
tion of flow of current in said control cir- 
cuit to control the opening and closing of 
said utilization circuit. 


2,728,881 Asymmetrically Conductive De- 
vices—G. T. Jacobi. Assignee: General 
Electric Company. An asymmetrical con- 
ducting device comprising a spherically- 
shaped semiconductor member, a _ first 
electrode in large area contact with said 
semiconductor, and a second electrode 
making small area tangential contact with 
said semiconductor. 


January 10, 1956 

2,730,576 Miniaturized Transistor Amplifier 
Circuit—R. S. Caruthers. Assignee: Bell 
Telephone Laboratories. An object of 
this invention is to effect a radical space 
saving in an amplifier circuit. 


2,730,680 Wave Transmission Network 
Using Transistor—J. F. Bangert. Assignee: 
Bell Telephone Laboratories. A  two- 
terminal negative-resistance network 
comprising two transistors, two resistive 
impedances at least one of which has a 
resistive component in the operating 
frequency range of the circuit, and a 
source of direct voltage. 


January 17, 1956 

2,731,561 Crystal Contact Devices—E. G. 
James, A. O. Lindell. Assignee: General 
Electric Company Ltd. A crystal contact 
device for use at millimeter wavelengths 
comprising a wave guide section, a crystal 
element and a metal whisker in contact 
with said element, mountings for said 
erystal and said whisker, and a coaxial 
output coupling electrically connected to 
said crystal and said whisker. 


2,731,567 Transistor Relaxation Oscillator 
—G. C. Sziklai, W. S. Pike. Assignee: 
Radio Corporation of America. A circuit 
comprising a semiconductive device, an 
_ impedance element connected to the emit- 
ter of said device, and a storage element 
connected between the collector and an 
_ intermediate point on the impedance 
- element. 


* Source: Official Gazette of the U. S. Patent 
Office and Specifications and Drawings of 
Patents Issued by the U. S. Patent Office. 


PATENT REVIEW* 


Compiled by SIDNEY MARSHALL 


2,731,571 Delay circuit—B. Chance. As- 
signee: United States of America (Navy 
Department). A circuit having first and 
second input and output terminals, a 
capacitor connected between said first 
and second input and output terminals 
respectively, said second input and output 
terminals being connected together, a 
first germanium crystal and a source of 
biasing voltage connected in series be- 
tween the first and second output termi- 
nals, and a second germanium crystal 
connected between the first input and 
output terminals in parallel with the 
first crystal and a voltage source. 


January 24, 1956 

2,732,519 Method of Making Transistors 
and Assembly Thereof—G. Freedman. 
Assignee: Raytheon Manufacturing Com- 
pany. An assembly comprising an n-type 
impurity element selected from the fifth 
perodic group, means for changing a 
section to the p-type state and leads con- 
necting said section to said body. 


January 31, 1956 

2,733,303 Bidirectional Amplifiers—W. 
Koenig, Jr. Assignee: Bell Telephone 
Laboratories. A four terminal network 
for interconnecting a pair of external 
networks, having as one design objective 
the achievement of the advantages of 
push-pull operation in a_ bidirectional 
amplifier without the necessity of either 
center-taps in input and output trans- 
formers. 


2,733,304 Bidirectional Amplifiers—W. 
Koenig, Jr. Assignee: Bell Telephone 
Laboratories. A bilateral amplifier for 
interconnecting a pair of external circuits 
comprising a pair of transistors; means 
for connecting together a pair of unlike 
electrodes, one from each _ transistor: 
means for connecting one of said external 
circuits to a pair of electrodes different 
from the former pair; means for connect- 
ing the second external circuit to the 
remaining pair of electrodes. 


2,733,390 Germanium Rectifier For Large 
Currents—W. E. Scanlon. Assignee: None. 
A rectifier comprising a germanium wafer 
having a conducting plate secured to one 
face thereof with tin solder, a conducting 
lead secured to the opposite face with 
indium solder, said tin solder and said 
indium solder diffusing into said wafer to 
form n-type and p-type germanium re- 
spectively. 


February 7, 1956 
2,734,102 Semiconductor Devices—J. I. 
Pankove. Assignee: Radio Corporation of 
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Of Semiconductor Devices, Fabrication Techniques and Processes, 


and Circuits and Applications 


The abstracts appearing in this issue cover the inventions relevant to semiconductors from 
Dec. 27, 1955 to May 15, 1956. In subsequent issues, patents issued from May 15, 1956 to date 
will be presented in a similar manner. After bringing these abstracts up to date, PATENT 
REVIEW will appear periodically, the treatment given to each item being more detailed. 


America. A device comprising a flat-faced 
body of semiconductive material, a large 
area contact with said body, at least four 
further metallic wire electrodes providing 
line contact with said semiconductor. 


2,734,154 Semiconductor Devices—J. I. 
Pankove. Assignee: Radio Corporation of 
America. A device comprising a semicon- 
ductive body and conductive fluid elec- 
trode in contact therewith. 


2,734,164 Current Supply Regulating Ap- 
paratus—C. S. Knowlton. Assignee: Bell 
Telephone Laboratories. Apparatus for 
supplying alternating current from a 
supply source to a load circuit including a 
load comprising a saturable transformer, 
an n-p-n transistor, a p-n-p transistor, 
and means for deriving from said load 
circuit and impressing between the base 
and emitter of each transistor an alter- 
nating voltage which varies in resvonse 
to changes of the alternating load voltage. 


February 14, 1956 

2,735,011 Oscillating Cirecuit—A. H. Dick- 
inson. Assignee: International Business 
Machine Corporation. An oscillation gen- 
erator utilizing an electron tube, a crystal 
triode coupled serially thereto, and a 
capacitor coupled across the crystal 
triode, the capacitor being charged 
through said triode with one value of 
current, and discharged through said 
triode with a different value of current. 


2,735,049 Transistor—L. de Forest. As- 
signee: None. A device including base, 
emitter, and collector, and in order of 
physical arrangement a layer of electron- 
multiplier material on said collector; a 
conducting layer; a second electron- 
multiplier layer; a layer of cathodo- 
luminescent material; and a light trans- 
parent electrically conducting member. 


2.735.091 Anti Key-Bounce Circuit—W. H. 
Burkhart. Assignee: Monroe Calculating 
Machine Company. In an anti key-bounce 
keyboard circuit; a first and second 
potential source; a plurality of front and 
back contact keys in a= series path 
between the first and second sources; a 
plurality of signal lines selectively con- 
nectable to said first source; a flip-flop 
connected to each line and set to one 
state on application thereto of the poten- 
tial of the first source; and means for 
resetting said flip-flop to the opposite 
state. 


February 21, 1956 
2,735,919 Photo-Transistor and Method of 
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Manufacture—E. G. Shower. Assignee: 
National Union Electric Corporation. A 
method which comprises melting a piece 
of transistor impurity material to a local- 
ized region of a semiconductor to form 
a photo-transistor alloy junction, attach- 
ing a lead in wire, slicing through said 
junction between the margin and the 
lead wire contact point to form a flat 
exposure phototransistor surface. 


2,735,948 Multielement Semiconductor 
Devices—G. C. Sziklai. Assignee Radio 
Corporation of America. A device com- 
prising a semiconductor body having 
four alternating regions of a p-type and 
n-type conductivity, regions I and IV 
being biased in the forward direction 
with respect to adjacent regions; and a 
plurality of transverse channels formed 
in said body and intersecting an alternate 
arrangement regions I, II, and III; and 
then II, III, and IV. 


February 28, 1956 

2,736,639 Surface Treatment of Germa- 
nium—R. C. Ellis, Jr. Assignee: Raytheon 
Manufacturing Company A method for 
improving the electrical characteristics 
of germanium bodies by subjecting them 
to a fluid mixture from which excess 
germanium is readily reclaimable. 


2,736,672 Selenium Rectifier of Increased 
Blocking Properties—O. Klein. Assignee: 
International Standard Electric Corpora- 
tion. A selenium rectifier having on the 
base electrode, a second coating of sele- 
nium, said second coating containing an 
alkaline metal and a _ crystallization- 
retarding substance taken from the class 
consisting of arsenic and phosphorous. 


2,736.822 Hall Effect Apparatus—W. C. 
Dunlap, Jr. Assignee: General Electric 
Company. A device designed to provide a 
Ball effect apparatus in which the level 
of output Hall effect voltage may be ad- 
justed to any desired magnitude for a 
given input Hall plate current and a given 
magnetic field strength, and capable of 
producing an output voltage which varies 
in resvonse to the variations of three in- 
put electric signals. 


2,736,843 Alternating Current Electro- 
magnets—J. F. Douglas, A. F. Kolb. As- 
signee: Cutler-Hammer Incorporated. In 
an a-c electromagnet, rectification means, 
(utilizing a dry plate rectifier bridge) of 
suoplying unidirectional power to shaded 
pole windings, said windings being so 
wound and so disposed and connected to 
said rectifier, that induced alternating 
voltages are effectively cancelled. 


2,736,847 Fused-Junction Silicon Diodes— 
S. H. Barnes Assignee: Hughes Aircraft 
Company. A device comprising a silicon 
crystal element having an  acceptor- 
impurity-doped p-type region, an anti- 
mony-doped n-type region separated 
from the p-type region by a rectifying 
barrier; and a hermetically sealed vit- 
reous tubular envelope containing the 
assembly. 


2,736,848 Photocells—A. Rose. Assignee: 
Radio Corporation of America. A photo 
conductive cell comprising a body of 
cadmium sulphide, two metallic electrodes 
one of which makes point-contact with a 
surface layer of said body, the interior 
of said body containing donor impurities 
and the surface of said body containing 
acceptor impurities. 


2,736,849 Junction-Type Transistors—R. W. 
Douglas, J. W. Ryde. Assignee: Hazeltine 
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Research Incorporated. A device consist- 
ing of two members, one of which has 
an n-type region and a p-type region 
with a predetermined surface, the second 
member of said device composed of n- 
type material with a predetermined sur- 
face of area less than that of the first 
mentioned surface; said surfaces being 
joined by heat and pressure bonding. 


2,736,850 Selenium Rectifier Containing 
Tellurium—E. Ledow. Assignee: None. A 
selenium rectifier the semiconducting 
layer of which contains 90 to 1200 parts 
of tellurium and 1,000,000 parts of recti- 
fier-type selenium by weight. 


2,736,858 Controllable Electric Resistance 
Devices—H. Welker. Assignee: Siemens 
Schuckertwerke Aktiengesellschaft. <A 
device consisting of an elongated semi- 
conductive body having two differently 
textured surface areas oppositely placed, 
one of two said areas having an etched 
surface texture for reduced surface re- 
combination, and the other of said sur- 
face areas having an etched surface 
texture for increased surface recombina- 
tion. 


March 6, 1956 

2,737,587 Transistor Multivibrator—R. B. 
Trousdale. Assignee: General Dynamics 
Corporation. A transistor multivibrator 
circuit in which the frequency of opera- 
tion is independent of the base circuit 
impedance of the transistors used in the 
circuit and is also independent of the 
fluctuations in the voltage applied to the 
circuit. 


2,737,618 Miniature Rectifier—J. Fisler. 
Assignee: International Rectifier Corpora- 
tion. A miniature selenium rectifier en- 
closed by a sleeve of stretchable insulat- 
ing material, said sleeve pressing the 
components together, and a solid insulat- 
ing envelope embedding and_ holding 
together the sleeve and the assembly. 


March 13, 1956 

2,738,259 Surface Treatment of Germanium 
—R. C. Ellis, Jr. Assignee: Raytheon 
Manufacturing Company. Improving the 
electrical characteristics of a germanium 
body by treating the surface of said body 
with a fluid mixture from which excess 
germanium is readily reclaimable. 


March 20, 1956 

2,739,190 Transistor Amplifiers and Circuit 
Arrangements Therefor: R. L. Wallace. 
Assignee: Bell Telephone Laboratories. A 
device comprising a transistor, an output 
circuit between the emitter and collector, 
an input circuit between the base and 
the emitter or collector, and including 
an unbypassed condenser and an input 
source, said input circuit having series 
connected impedances and presenting an 
infinite impedance to steady currents. 


March 27, 1956 

2,740,076 Crystal Triodes—K. A. Matthews, 
C. de Boismaison White. Assignee: Inter- 
national Standard Electric Corporation. A 
semiconducting body of one conductivity 
type having on a surface thereof a layer 
of the opposite conductivity type, a second 
layer of the original material on the first 
layer, a base electrode and two rectifying 
contact electrodes. 


April 3, 1956 

2,740,837 Semiconductor Signal Translat- 
ing Devices—W. S. Kirkpatrick. Assignee: 
Bell Telephone Laboratories. A system 
comprising a plurality of elements vari- 
able as to conductivity under bombard- 
ment by charged particles, means to cause 


a beam of charged particles to impinge 
any of said elements, and a source of} 
unmodulated carrier potentials for vary 
ing the energy content of the beam thus 
varying the conductivity of said elements 
and causing modulation products to b 
produced in a circuit interconnecting 
of said elements. 


2,740,901 Differential Photocell Usin 
Junction Semiconductors—R. E. Graham, 
Assignee: Bell Telephone Laboratories. 
device comprising a semiconductor ele~ 
ment having a narrow zone of one con. 
ductivity type between and contiguo 
with two outer zones of the opposite type 
means for directing against the body o 

said element a light beam having a distri-— 
bution characteristic which matches i 
shape the integral of the sensitivity char~ 
acteristic g(x) of said material, where, 
g(x) is a plot of voltage vs. light position 
of the spot with respect to the intermedi- 
ate zone of said semiconductor element. 


April 3, 1956 

2,740,940 High Speed Negative Resistance— 
J. A. Becker, M. C. Waltz. Assignee: Bell 
Telephone Laboratories. A signal translat- 
ing combination exhibiting a dynamic 
negative resistance at frequencies in the 
kilocycle range consisting of a germanium 
body containing at least 0.1 atomic per 
cent of donor and acceptor impurities in 
near balance. 


April 10, 1956 t 
2,.41,686 Electric Resistor—H. Q. North, 
M. E. Kershaw. Assignee: General Electric 
Company. In a high frequency germanium 
diode, means for stabilizing the charac- - 
teristics of the point-contact by pressing 
the electrode point against the surface of ' 
the germanium pellet with a force of be- - 
tween 50 and 150 mg. while passing a 
current between 50 ma and 250 ma of © 
direct current in the forward direction 
from the electrode to the pellet. 


2,741,729 Electrical Translating Device— 
H. Q. North. Assignee: Hughes Aircraft 
Company. A device comprising an as- 
sembly of crystal and contacting ele- 
ments, a solidified insulating material 
surrounding and pervading all parts of 
the assembly except for a cavity encom- 
passing said elements, and means for 
providing external connections. 


2,741,758 Magnetic Core Logical Circuits— 
S. R. Cray. Assignee: Sperry Rand Cor- 
poration. The device provides a combina- 
tion of magnetic and rectifier elements 
which comprise a basic circuit component 
which in various arrays may make up the 
complete control and arithmetic section of 
an electronic digital computer. 


April 17, 1956 

2,742,383 Germanium Junction—Type 
Semiconductor Devices—S. H. Barnes, 
J. N. Carman. Assignee: Hughes Aircraft 
Company. In a translating device: a 
germanium specimen having an indenta- 
tion therein with an n-type region adja- 
cent to said indentation, a p-type region 
adjacent to said n-type region, and a 
button filling said indentation, said but- 
ton consisting of arsenic, gallium, and at 
least one element in which germanium is 
soluble. 


2,742,571 Junction Transistor Oscillator 
Circuit—G. B. Herzog. Assignee: Radio 
Corporation of America. An oscillator in- 
cluding a transistor which exhibits a 
negative resistance characteristic over a 
portion of its operating range, and means 
providing a frequency determining cir- 
cuit for said oscillator. 
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2,742,601 Constant Voltage Source—J. F. 
|dyland. Assignee: Minneapolis-Honeywell 
‘Regulator Company. A source comprising 
jan a-c voltage source, a load, a rectifying 
eircuit providing a regulated voltage 
-@across said load, and a second rectifying 
(@circuit providing an unregulated voltage 
across said load, said unregulated volt- 
fage being of polarity opposite to that of 
‘ithe regulated voltage. 


$2,742,602 Excitation Control for Synchro- 
mous Dynamo Electric Machines—E. W. 
ebs. Assignee: None. An excitation con- 
ol system for maintaining a predeter- 
ined interrelation of power factor, load, 
fand terminal voltage of an a-c dynamo 
electric machine, said system including a 
Hbridge rectifier utilizing selenium ele- 
@ments and having a threshold voltage 
below which insufficient current will flow 
fin the field windings of said machine to 
Hcause self-excitation thereof. 


“Elongated Body of Metal—F. C. Hull, 
7 P.H. Brace, G. Comenetz, A. W. Cochardt. 
# Assignee: Westinghouse Electric Corpora- 
tion. A process of zone refining an 

elongated solid body of metal without 
subjecting any of the metal melted during 
the process to contact with a foreign body. 


2,743,200 Method of Forming Junctions in 
Silicon—N. B. Hannay. Assignee: Bell 
Telephone Laboratories. A method of 
forming a p-n junction in monocrystal- 
line silicon comprising the steps of low- 
ering a silicon seed crystal into a melt 
containing a conductivity type determin- 
| ing impurity, lifting material up from the 
melt to form an increasing length of crys- 
' tal, and heating the crystal to change the 
conductivity type of portions thereof. 


2,743,201 Monatomic Semiconductor De- 
vices—R. P. Johnson, R. S. Shulman, 
D. M. Van Winkle. Assignee: Hughes Air- 
craft Company. A method of producing 
p-n junction devices comprising the steps 
of placing a coarse-surfaced semiconduc- 
tor in contact with a smooth-surfaced 
semiconductor stressing the two _ speci- 
mens, and then heating said specimens 
to cause fusion in the contact region 
thereof. 


2,743,322 Solid State Amplifier—J. R. 
Pierce, H. Suhl. Assignee: Bell Telephone 
- Laboratories. In combination, an element 
exhibiting a large Hall effect, means for 
propogating signal electromagnetic waves 
axially through said element, means for 
' ereating a d-c electric field axially along 
said element, said d-c field and the mag- 
netic field of said wave interacting to 
| provide a Hall effect field which in turn 
- combines with the electric field of said 
| wave to provide amplification thereto. 


2,743,420 Testing Semiconductor Rectifiers 
—W. F. Haldeman. Assignee: None. A 
method of grouping semi-conductor-type 
current rectifiers according to their cur- 
rent carrying exponential function of 
resistance defined by the expression .... 
I-* — bR... where I is the current, R 
is resistance, b is a conductance constant 
and a is a constant exponent of said 
function. 


May 1, 1956 

2,743,506 Method of Manufacturing Recti- 
fier Cells—B. Solow. The invention pro- 
vides a method of and a machine for 
manufacturing rectifier cells from lami- 
nated selenium sheets. 


2,744,198 Transistor Trigger Circuits—G. 
Raisbeck. Assignee: Bell Telephone 
Laboratories. A circuit for generating 
output waves of symmetrical form com- 
prising a pair of signal translating devices 
having voltage-current characteristics 
which are similar in shape but opposite 
in sign. 


2,744,219 Bifilar Triode Transistor—H. J. 
McCreary. Assignee: Automatic Electric 
Laboratories. In a translating device a 
semiconductive element with a base elec- 
trode attached thereto, emitter and collec- 
tor elements comprising finely insulated 
wires of small diameter arranged in a 
plurality of parallel contiguous rows of 
alternate collector and emitter elements. 


May 8, 1956 

2,744,308 Semiconductor Translating De- 
vice and Method of Manufacture—G. T. 
Lowman. A method of making semicon- 
ductor translators consisting of securing a 
thin resilient metal plate on an insulating 
support member to at least two points, 
severing the plate to form two independ- 
ent sections, bending opposed portions of 
the sections out of the plane of the plate, 
and contacting a semiconductive surface 
with the edges of said portions. 


2,744,970 Semiconductor Signal Translating 
Devices—W. Shockley. Assignee: Bell 
Telephone Laboratories. A semiconductive 
body including a first zone of one con- 
ductivity type separated from a second 
zone of the opposite conductivity type by 
a rectifying junction, means for dis- 
couraging minority carrier injection from 
the second zone into the first zone, and 
means for supplying majority carriers to 
the first zone from a source connection, 
and collecting said majority carriers from 
said first zone to a drain connection. 


2,745,009 Highly Stable Transistor Oscil- 
lator—J. M. Moulon. Assignee: None. A 
high stability transistor oscillator includ- 
ing a two-stage transistor amplifier in- 
cluding a phase inverting interstage trans- 
former, a phase_ inverting output 
transformer and input and output stage 
transistors. 


2,745,010 Transistor Oscillators—F. R. 
Stansel. Assignee: Bell Telephone Labora- 
tories. An oscillator comprising a transis- 
tor, a frequency-determining impedance 
connected between the emitter and col- 
lector, and an amplifier having its input 
side connected in series with said imped- 
ance in the path between said emitter and 
collector. 


2,745,012 Transistor Blocking Oscillators— 
J. H. Felker. Assignee: Bell Telephone 
Laboratories. A pulse generator compris- 
ing, a transistor, a timing capacitor with 
a charging path that includes the internal 
path of said transistor between the emit- 
ter and base electrodes, and a discharge 
path that includes a resistor connected 
between the emitter and the base elec- 
trodes, said capacitor being charged and 
discharged in order to provide sharp 
pulses of output voltage. 


2,745,021 Photo-Device Amplifier Circuit— 
J. Kurshan. Assignee: Radio Corporation 
of America. An amplifier circuit for a 
photoconductive device comprising a 
photoconductive device having a non 
linear resistance, a transistor, and a first 
source of potential providing maximum 
base current, whereby the collector cur- 
rent decreases in response to illumination 
of said photo-conductive device. 
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2,745,038 Semiconductor Signal Translating 
Circuit—G. C. Sziklai. Assignee: Radio 
Corporation of America. A circuit con- 
sisting of a pair of transistors of opposite 
conductivity type, means for applying au 
a-c signal to the electrodes thereof, an 
image reproducing device including a con- 
trol electrode and a cathode, and output 
means coupling the output electrode of 
one of the transistors with said control 
electrode and couvling the ouput elec- 
trode of this other transistor with said 
cathode. 


2,745,044 Asymmetrically Conductive Ap- 
paratus—F. J. Lingel. Assignee: General 
Electric Company. A sealed asymmet- 
rically conductive device including a 
plurality of series connected semiconduc- 
tor elements any one of which may be 
individually removed and replaced. 


2,745,045 Semiconductor Devices and 
Method of Fabrication—R. C. Ingraham. 
Assignee: Sylvania Electric Products Inc. 
A semiconductor point-contact device en- 
closed by a rigid insulating body sur- 
rounding the assembly of the elements 
thereof. 


2,745,046 Alloys and Rectifiers Made 
Thereof—K. Lark-Horovitz, R. M. Whaley. 
Assignee: Purdue Research Foundation. 
Semiconductor devices made from alloys 
of 99% pure germanium and at least one 
of the elements from the cobalt nickel 
group; and alloys made from 99% pure 
germanium and an amount of palladium 
up to 0.50 atomic per cent. 


2,745,047 Selenium Rectifiers and Method 
of Manufacture—P. E. Lighty. Assignee: 
International Telephone and Telegraph 
Company—In the method of making se- 
lenium rectifiers containing adjacent lay- 
ers of nickel and selenium, the steps 
comprise producing a layer of nickel 
selenide at the interface of the nickel and 
selenium layer by heating said layers to 
a temperature of 500°C. 


2,745,068 Transistor Negative Impedance 
Converters—D. K. Gannett. Assignee: Bell 
Telephone Laboratories. A device de- 
signed to insure that the conversion fac- 
tor of a transistor negative impedance 
converter is substantially a numeric over 
the frequency range of interest. 


May 15, 1956 

2,745,960 Semiconductor Signal Generator 
—B. D. Griffith. Assignee: Radio Corpora- 
tion of America. A feedback sine wave 
oscillation generator of the resistance 
capacitance type including a point-contact 
type transistor, and means for varying 
the current in the emitter electrode in 
order to vary the generator’s frequency of 
oscillation. 


2,745,973 Radioactive Battery Employing 
Intrinsic Semiconductor—P. Rappaport. 
Assignee: Radio Corporation of America. 
A primary source of electrical energy 
comprising a semiconductive body having 
a resistivity in or near the intrinsic re- 
gion a p-type region formed at one sur- 
face of said body, an n-type region formed 
at the opposite surface, a source of nu- 
clear emission for irradiating said body 
to establish a difference in electrical po- 
tential between said regions, and means 
for supplying the energy of said potential 
to a load circuit. 


{To Be Continued] 
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NEW SPECIAL DIODES CHARTS 


CHARACTERISTICS CHARTS OF SILICON ZENER OR AVALANCHE DIODES 


Zener or Avalanche Dynamic ae 
Voltage Range Impedance CO-EF. Unk. 


MIN FICIENT See code | 


at start 
of chart 


Ebi %/°C 
(volts) (volts) 


1N821 5.9 6.5 7.5 15 Tas 250 qual TRA 
1N8 227) 5.9 6.5 7.5 15 7.5 250 -01 TRA 
1N823 5.9 6.5 7.5 15 7.5 250 005 TRA 
1N8 247) 5.9 6.5 7.5 15 Te5 250 005 TRA 
1N825 5.9 6.5 Te5 15 7.5 250 .002 TRA 
1N827 5.9 6.5 Weed 15 ifs 250 .001 TRA 
HPZ8.2 7.5 Oma 1000 -50 1000 25W 04 USS 
HPZ10 9.1 11 800 . 60 800 25W .056 USS 
HPZ12 11 13 700 .80 700 25W -058 USS 
HPZ15 13 16 550 1es0 550 25W .06 USS 
HPZ18 16 20 450 1.5 450 25W .062 USS 
HPZ22 20 24 400 20) 400 25W 064 USS 
HPZ27 24 30 350 3.0 350 25W .066 USS 
HPZ33 30 36 270 5.0 270 25W 068 USS 
HPZ39 36 43 200 7.0 200 25W .070 USS 
HPZ47 43 51 160 9.0 160 25W One USS 
HPZ56 51 62 140 12 140 25W .075 USS 
HPZ68 62 15 120 15 120 25W .08 USS 
HPZ82 75 91 100 18 100 25W -086 USS 
HPZ100 91 110 80 22 80 25W .092 USS 
0A2200 4.4 5.0 10 350 ‘a0 250 -043 MUL 
OA2201 4.8 5.4 1.0 340 Te0) 250 2035 MUL 
OA2202 5.3 6.0 1.0 260 a0 250 027 MUL 
OA2203 5.8 6.6 1G) 160 1.0 250 .016 MUL 
OA2204 6.4 Tok ike) 40 10 250 .044 MUL 
0A2205 foil 7.9 1.0 10 1.0 250 -053 MUL 
0A2206 ol 8.7 1.0 8.0 0) 250 067 MUL 
0A2207 8.6 9.6 0 8.0 10 250 S07 MUL 
OA2208 Kas 5.0 lee) 250 MUL 
0A2209 4.4 6.0 1.0 340 1.0 250 MUL 
OA2210 5.3 oP 1.0 160 0 250 MUL 
OA2211 6.4 8.7 1.0 10 1.0 250 MUL 
0A2212 ow 10.6 1.0 8.0 0 250 MUL 
0A2213 9.4 15 1.0 250 MUL 
XD1 9.0 13 20 26 20 800 .07 AUE 


Under Type Number 


Zi - Double Anode Type 


-[Min. Forward] Reverse Impedance 
| Current 


MER. 
See code 
at start 
of charts 


(volts) (usec) 


1N806 4.0 1.0 200M 
: ; 100 5.0 
1N807 Si 200 §"1757 1450 PRi.0 S50) PeizE 5.0 re aoe ee a 
NB 8 Si 110 100 100 1.0 100M 100 30 35 100.30 HA 
809 Si 220 200 100° 1.0 200M 200 30 35 toons 
DR664 Si 30-25 20 1.5 5.0 15 30 oe ae 
DR667 Si 250 200 100 4.0 5.0 4 
DR883 Si 200 175 5.0 1.5 5.0 ; ro ae ee 
OMC113 Ge 100° 75" 900 46 5.0 re sce ee one 
OMC118 Ge 100 75 200 seein) 5.0 ree ey oe 
OMC213 Ge 100: 75. “yoo gee 5.0 6 tonnes ont 
OMC218 Ge 100 15 100. 1.0 5.0 a 
OMC351 Ge 100 75 40 1.0 5.0 a ee Le oo 
: : OHM 
TURN TO PAGE 54 FOR MISCELLANEOUS DIODE TYPES 
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+Tantalum Capacitors 


* A completely new high reliability line 
of tan-TI-cap solid tantalum capacitors 
@Type SRM, was announced recently by 
Texas Instruments. Performance specifica- 
tions require rated voltage operation at 


subminiature industry standard case sizes, 
'a continuous reverse voltage capability, 
inominal voltage derating required for 
125°C operation, high vibration and shock 
® resistance, hermetic seals and a high cor- 
> rosion-resistant finish. Supported axial 
leads without external welds permit ease 
of mounting and can be sharply bent 
# without breaking. 


Circle 70 on Reader Service Card 


Aluminum Spheres 

_ High purity aluminum spheres: are 
4 available to semiconductor manufacturers 
* for use in forming alloy junctions in sili- 
' con devices, from Accurate Specialties in 
sizes from .004” diameter to .125” diameter. 
Some advantages over conventional 
washers or discs: the sphere will offer 
the least amount of oxide per unit volume 
since it represents the smallest surface 
per unit volume; a precision sphere can 
* roll, and therefore lends itself to auto- 
' matic loading into the alloying jigs. 
# & fs, 


Circle 54 on Reader Service Card 


Mobile Industrial Ultrasonic Cleaner 


A mobile ultrasonic cleaning system, 
mounted on rubber-tired wheels, is now 
being manufactured to order by Acoustica 
Associates, Inc. The units can be easily 
pushed from one location to another for 
use wherever electric power is available. 
Cleaning tanks up to 75 gallons capacity 
and ultrasonic power generators in ratings 
up to 2500 watts can be provided. Power 
may be derived from a 115-volt or 220-volt 
a-c outlet. 

Circle 59 on Reader Service Card 


New Products 


Vacuum Chamber 


For testing and conditioning transistors, 
capacitors, and other semiconductors, 
Electric Hotpack vacuum ovens have 
ambient ranges to 200 and 300°C. Chamber 
capable of evacuation to 1 micron. Heaters 
placed on all sides for constant, uniform 
temperatures. Square design utilizes all 
interior space for work load. Full view 
window permits 100% visibility. Standard 
units may be equipped with through wall 
connections, lead wires, or terminals for 
the test articles; or with doors on both 
sides of the cabinet for use on production 
lines. 


Circle 77 on Reader Service Card 


Silicon Diodes 


Continental Device Corporation an- 
nounces a new series of silicon diodes 
manufactured by the Controlled Fusion 
Technique which effects precise control 
over the junction formation and geometry 
and leads to very uniform characteristics 
in production. Types CD111l1 through 
CD1116 have working voltages through 
300 volts and forward currents in excess 
of 4% ampere at 1 volt. Reverse currents 
are below 5 millimicroamperes at the 
maximum working voltage. More con- 
ventional types such as the IN480 series 
and the IN456 through IN459 are also 
available. 

Circle 79 on Reader Service Card 
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Automatic Hole Puncher 


The principles of automatic production 
built into the new Kahle Engineering 
Company Automatic Hole-Punching Ma- 
chine #3013 will quite likely find use in 
many industries where high-speed hole- 
punching and fire glazing are applied to 
glass units on any configuration. Has a 
capacity of 2000 sealed beam headlamp 
reflectors per hour; punches multiple pre- 
formed holes, fire-glazes the holes and 
unloads the reflectors to an annealer. Can 
be fully synchronized with the press to 
provide any timing cycle desired. The 
two-position punching operation per- 
formed at 2400 psi at 400° C can be altered 
to vary the hole pattern, number or size 
to suit manufacturers’ specs. Occupies 
5 x 5 ft. floor space, is 66” high, approx. 
6000 lbs. Can be driven from the forming 
press or may be equipped with its own 
power drive. Request data sheet 3013. 


Circle 56 on Reader Service Card 


Drift Transistors 


Three new drift transistors of the ger- 
manium p-n-p alloy type, 2N643, 2N644, 
and 2N645 are specifically designed for use 
in high-speed non-saturating switching 
circuits of electronic computers such as 
inverters, flip-flops, and logic gates where 
high gain-bandwidth product and pulse 
repetition rates up to 10 Mc are primary 
design requirements. Have hermetically 
sealed metal cases and the dimensions of 
the JEDEC TO-9 outline. From RCA. 


Cirele 69 on Reader Service Card 


Lab & Production Tool 


Kulicke & Soffia Mfg. Company intro- 
duces their new Micromanipulator for 
subminiature assembly with rugged con- 
struction, accurate movements, highload 
capacity, longlife service. Half inch move- 
ment in three planes to tenths accuracy. 
Features silky smooth backlash, free ac- 
tion, simple spring loaded ball and V 
ways. No special adjustments or fancy 
gibs. Cannot be damaged by overloads, 
excellent dimensional stability. One of a 
line of tool machines for semiconductor 
production. 

Circle 65 on Reader Service Card 


(Continued on page 56) 
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COLUMBUS 
ELECTRONICS 
CORP. 


DOUBLE 
DIFFUSED 
SILICON 


f AXIAL LEAD STUD 
TOP HAT INSULATED 


Now ... an extensive line of high 
performance, hermetically sealed, sili- 
con power rectifiers UP TO 35 AMPS. 
JEDEC types exceeding MIL specifica- 


fions. NEW 


SINGLE unit VERY HIGH VOLTAGE silicon 
rectifiers exhibiting these desirable 
characteristics... 


HIGH LOW 
VOLTAGE FORWARD DROP 
up to 2000 PIV 1.5 Volts, DC 


EXTREMELY 
LOW LEAKAGE 
1 KA 


FORWARD 
CURRENT 
up to 20 Amps. 


NEW 


INSULATED STUD silicon rectifiers 
offering these quality features... 


¢ Simplify mounting 
Saves assembly parts & costs 
Obtain efficient heat transfer 
Give greater design flexibility 


AVAILABLE UP'TO 10 AMPS PER UNIT AND 
UP TO 2000 VOLTS PIV, 


WRITE FOR FULL DETAILS 


COLUMBUS ELECTRONICS CORP. 
1010 SAW MILL RIVER RD., YONKERS, W.-Y.c 
YOnkers 8-1221 © TWX-Yonkers, NY-1369 
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BOOK REVIEWS... 


TITLE: Transistor Technology Volume 
III 


AUTHOR: Edited by F. J. Biondi 
PUBLISHER: Van Nostrand 


Transistor Technology, Volume III, is 
the final volume in the three part set. As 
in the other volumes the material is 
broadly divided into sections, each con- 
taining chapters containing a collection 
of many published and unpublished 
papers in addition to much unpublished 
material. 

The first section is a basic treatment of 
the process of control of the donors and 
acceptors in silicon and germanium. There 
are chapters on junction formation, meth- 
ods and purity control. The formation of 
junctions by diffusion is presented in 
terms of techniques and technology. The 
process is well described and clearly 
illustrated. 

Section II outlines fabrication tech- 
nology or the transformation of the crystal 
material into a device. Other methods of 
junction introduction such as alloying and 
diffusion are presented as adjuncts to 
the crystal growing process described in 
Part II of the first volume. General chemi- 
cal processing with respect to all phases 
of transistor fabrication and etching 
techniques are described in Chapters IV 
and V. The alloying process is presented 
with the aluminum-silicon alloy diode 
defined and analyzed. 

The final sections of the book are en- 
titled Measurements and Characterization 
and Transistor Reliability. These sections 
are devoted to complete methods of 
transistor parameter measurements and 
reliability techniques. The IRE standards 
are followed, in general, and are tabulated 
in Appendix II. Many conculsions are 
drawn from the results of field reports 
and laboratory studies. 

Transistor Technology Volume III is the 
concluding volume of a very comprehen- 
sive and current review of the field of 
transistor devices. The book, as are the 
others in the series, is accurate, concise, 
a virtual encyclopedia of information and 
will undoubtedly remain in demand as 
a textbook on the subject of transistors. 


TITLE: Proceedings of the Symposium on 
the Role of Solid State Phenomena in 
Electric Circuits; VII 


AUTHOR: Edited by Jerome Fox 


PUBLISHER: Intersciene Publishers of 
New York 


The Proceedings of the 1957 Symposium, 
sponsored by the Microwave Research 
Institute of the Polytechnic Institute of 
B’klyn, the IRE, and various military 
agencies had as its topic the uses and 
theories of solid state materials in elec- 
tronic circuitry. This book is a collection 
of the various papers presented during 
the three day discussion. 

The opening papers deal with descrip- 
tions of solid state materials and defini- 
tions of the solid state. Many devices are 
covered in the first paper by Harold. 
Although his treatment is basically non- 
mathematical, the descriptions are quite 
interesting particularly with respect to 
the maser, the semiconductor diode, and 
Hall effect devices. A later paper by 
Artman gives a very thorough treatment 
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of the solid state maser with much orig- - 
inal material. : 

There are several informative pres- - 
entations on transistors and associated | 
devices. Superconductivity applications ; 
are covered in a paper by McMahon. . 
Ferrite materials and domain theory in \ 
core switching are also well treated. An 1 
article by Stern on harmonic generation | 
and mixing in ferrites is an excellent 
review of the topic in the light of current | 
developments. ; 

The collection of these and many other ' 
papers as compiled in this seventh volume : 
are of excellent technical content and well . 
recommend this book as a reference of * 
current practice in solid state theory and 
applications. 


TITLE: An Introduction to Transistor ° 
Circuits 


AUTHOR: E. H Cooke-Yarborough 
PUBLISHER: Interscience Publishers, Inc. 


An Introduction to Transistor Circuits 
is a primer on transistors written to in- 
troduce the engineer to the subject, 
where only a very basic understanding is 
required. 

The first chapter entitled “Transistor + 
Action” establishes the transistor as an 
outgrowth of the p-n junction diode. A 
vast amount of material is treated in a 
rather brief but understandable manner. 
Minority carrier injection, the junction 
diode, carrier storage, and the junc- 
tion and point contact transistor are 
several of the topics discussed. 

Chapters II and III introduce the 
transistor as an amplifying device in 
various circuit configurations. The low ~ 
frequency equivalent circuit is shown and 
a comparison between the pentode vac- 
uum tube amplifier is drawn. The presen- 
tation of the three circuit configurations is 
effected with a minimum of math- 
ematical derivation from the usual 
equivalent circuits. Intuitive reasoning 
is used throughout and the explanations 
are simplified by the analysis of the T- 
equivalent circuit. The very familiar 
h-parameters are not mentioned, limit- 
ing the analysis somewhat, since most 
transistor parameters are presented in 
terms of the pi-equivalent circuit how- 
ever, the understandability of the descrip- 
tions does not suffer. A chart of the 
expressions derived is included in Chapter 
II, with some algebraic manipulation de- 
signed to present the results in more 
familiar forms. D-C_ stability, coupled 
amplifiers, and circuit behavior complete 
Chapter III. 

The balance of the book deals with 
various circuit applications of the tran- 
sistor. Pulse circuits are dealt with in 
Chapter IV, and d-c converters, counting 
circuits and computer applications in 
Chapter VI. The style maintains the in- 
tuitive approach i.e. more suitable for the 
experimenter than the physicist. 

An Introduction to Transistor Circuits 
is an interesting and well written book, 
and presents a slightly different approach 
to the understanding of the transistor. 
Although the circuit designer may find | 
some difficulty in the direct application. 
of the design techniques outlined (in 
view of the lack of consideration of a 
more useful equivalent circuit) the 
beginner will benefit much from the 
book. Stephen E. Lipsky 


: Industry News 


he Following August 1959 IRE and Jointly Sponsored 
eetings are Scheduled: 


1st National Ultrasonics Symposiums, San 
Francisco, California. For Information: Dr. 
Vincent Salmon, Stanford Research Institute, 
Stanford, California. 


sugust 17 


WESCON. Cow Palace. San Francisco, Cali- 
fornia. For Information: Dr. Karl Spangen- 
berg, c/o Wescon, 60 W. 41st Ave., San Mateo, 
California. 


U. S. exports of electronic equipments and parts in- 
reased by nearly 10 percent between 1957 and 1958, 
cording to the annual report of Chairman Ray C. Ellis, 
f the EIA International Department and Vice President 
the Raytheon Co., Waltham, Mass. The report was sub- 
itted during the 35th annual convention of the Electronic 
dustries Association, May 20-22. Mr. Ellis pointed out 
hat exports of electronic products were worth over $427 
illion in 1958, or nearly 6 percent of the industry’s total 
roduction. The most spectacular increase was registered 
the semiconductor field where exports jumped from 2.7 
illion units worth $4.2 million in 1957 to 5.8 million units 
yvorth $7.8 million in 1958. In addition to components used 
end equipments direct 1958 exports increased to 40.6 
illion capacitors, 43.6 million resistors, 5.7 million induc- 
ors. The value of unclassified parts and accessories in- 
reased from $27.6 million in 1957 to $31.8 million in 1958. 
ver $27 million worth of electrical and electronic test 
nd measurement equipment was exported; $17 million 
worth of electronic computers and related information 
rocessing machines and parts also went into the world 
arket. Although the total volume of electronic exports 
eclined slightly in the first quarter of 1959 it still ac- 
ounted for $100 million worth of business during the 
eriod. 


EIA Tube and Semiconductor Division chairman, D. W. 
unn, said in an annual report, delivered during the Asso- 
jation’s 35th annual convention, that the semiconductor 
ection is unquestionably the Division’s largest and fast- 
»st-growing group. It was estimated that semiconductor 
sales reached $226 million in 1958. This compares with 
172 million during 1957, or 19 percent of total valving 
Jevice sales of $925 million. During the five year period 
eginning with 1954 and ending with 1958, the dollar value 
of transistor sales by factories has increased more than 20 
times from $5.1 million to $112.7 million. The germanium 
silicon semiconductor diode-rectifier industry has in- 
creased during the same period nearly 4 times, from $20 
nillion to $96 million. 

Mr. Gunn stated it is possible that the $300 million mark 
for all semiconductors will be reached during 1959. By 
1965, semiconductor manufacturers may well be sharing 
1 $1 billion annual market He also emphasized the im- 
oortance of controlling imports from abroad for the pro- 
ection of the domestic industry. 


Five hundred representatives of industry, colleges, engi- 


aeering societies and the press in the New York City area 
gathered at a luncheon in the Hotel Astor to hear Walter 
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CURVE TRACER 
with Tube Adapter 


NE 


For complete information 
write for bulletin #TT108. 


Baird -Atomic, inc. 


33 UNIVERSITY RO., 
CAMBRIDGE 38, MASS 


Visit B/A booth at 
WESCON, Aug. 18-21 


Circle No. 21 on Reader Service Card 


“GOT A Beat 


DICING PROBLEM?" 


If dicing germanium or silicon slices is a production bottleneck 
with you, C.1.C.’s Dicing Service can help you overcome it. 

We are specialists in ultrasonic machining of all types and 
have established a special dicing service to handle crystal 
wafers, either mounted or unmounted, efficiently and eco- 
nomically—overnight when required. In addition to ultrasonic 
grinders, we have complete toolmaking facilities. 

Whether your dicing requirements are large or small, con- 
tinuous or occasional, C.1.C.’s Dicing Service can expand your 
own facilities by any required amount. Write or phone us for 
full particulars. 


CONNECTICUT INSTRUMENT 
CORPORATION 


Wilton, Connecticut 
Telephone: POrter 2-5021 
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© AIDS LUBRICATION 


e UNIQUE 
STABILIZATION 


e ALLOYS READILY 


QUALITY 


at the Indium Cor- 
poration of America 
means purity of 
metals, and strict 
adherence fo speci- 
fications. 


SERVICE 


means prompt deliv- 

ery to customers, and 
technical help in spe- 
cific uses of Indium. 


RESEARCH 


means “forward 


looking” with respect 
to new products and 
new techniques. 


1934-1959 


Since 1934 when the Indium Corpor- 
ation was formed and produced 

the first commercial amounts of 
Indium, we have gained in knowledge 
and in service to all the varied users 
of Indium in its almost limitless 
applications and forms. 


Why not write us today ... our years 
of research and experimentation, 
our pioneer developments, our 
experience in producing Indium to 
the exact specifications of our 
customers, our many technical helps 
are at your service. 


Commercial quantities are avail- 
able in Indium metal (specially 
refined 99.999% pure or 99.97% 
pure), Indium wire, foil, ribbon, 
pellets, spheres or powders. 
Also “Indalloy” intermediate 
solders and other high purity 
metals. 


49° 
wOmSue 
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Write to Dept. S-759 for Indium book- 
let: “INDALLOY” Intermediate Solders,"” 


INDIUM 


CORPORATION 
OF 


AMERICA 


1676 Lincoln Avenue ® Utica, New York 


Since 1934 . . . Pioneers in the Develop- 
ment and Applications of Indium for 
Industry. 
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P. Marshall, president of Western Union, describe some 
of the new electrical wonders that are now being devel: 
oped and to salute the American Institute of Electrica: 
Engineers. The occasion was the commemoration of the 
Institute’s founding meeting which took place 75 years age 
on May 13, 1884. The luncheon was one of many suck 
affairs held throughout the country by the institute’s 11] 
Sections to mark the Diamond Jubilee Year. AIEE, whos« 
1884 roster listed 71 members, among them such notables 
as Thomas Edison and Alexander Graham Bell, is now : 
world-wide organization with a membership exceeding 
52,000. 


Formation of Networks Infrared Science Laboratoriei 
for study and evaluation of advanced infrared systems ha: 
been announced by President M. D. Patrichi of Networks 
Electronic Corporation, manufacturers of miniaturizec 
precision electronic components. Under the direction © 
Mr. Patrichi the laboratory will investigate infrared de 
tection optical systems and applicable electronic devices 
He also announced formation of a special engineering pro}-j 
ect group under the direction of Dr. Siegfried Lindena 
to design and develop a high power static inversion devic 
with regulation, stability and reliability specification: 
superior to those now attainable. Dr. Lindena is the firs: 
of several European scientists expected to join Networks 
under a long-range program designed to complement the 
company’s technical operations with representatives oc 
scientific thought from abroad. 


Accurate Specialties Co., Inc., Woodside, N.Y. has leasec 
a 14,000 square foot plant at 338 Hudson Street, Hacken+ 
sack, New Jersey, as a part of a planned expansion oz 
production and research facilities for manufacturing high 
purity ultra-precise semiconductor preforms and com-~ 
ponents, it was announced by Mr. Nate Zimmer, President 
In addition to production facilities the plant will includd 
an analytical and research laboratory, which will be usec: 
to investigate new high purity semiconductor alloys anc 
processes. This fourth expansion in 3 years will represen’ 
a 200% increase in productive capacity for manufacture 
of high purity ultra-precise semiconductor alloys ane 
preforms used in making alloy junctions in transistors: 
diodes, rectifiers and similar devices. 


Transistor diodes, tiny circuits within themselves, are 
spearheading an important new advance in electronics? 
declared Dr. William Shockley, co-inventor of the tran-! 
sistor, in an opening lecture May 21 at the Internationa: 
Convention on Transistors and Associated Semiconducto» 
Products in London, England. Four-layer transistor diode= 
are the first commercially available examples of solid state 
circuitry, the noted scientist told the convention. They cart 
be used to replace more complex transistor circuitry, sav-| 
ing space and weight, or to replace relays or switches: 
eliminating moving parts in applications of transisto» 
diodes ranging from household electrical appliances to: 
computers and missile control systems, he said. Rod 
experiments indicate that within two to three years tran- 
sistor diodes will attain power levels from 10 to 100 times 
higher than related transistors with comparable frequen- 
cies and efficiencies, Dr. Shockley predicted. | 


Raytheon Company will be the new name of the elec~ 
tronics firm formerly known as Raytheon Manufacturin 
Company, officials announced recently. The change, ae 
by stockholders at the annual meeting, became effective 
May 4, 1959. The new name reflects the broadened activit 
of the Company which runs the gamut from basic research 
to field maintenance of intricate military systems. The 
Raytheon name was adapted in 1925. Prior to that time? 


c 
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cthe firm was known as the American Appliance Company 


«which was formed in 1922. 


International Rectifier Corporation of El Segundo, 
California, has announced the formation of International 
) Rectifier of Canada Ltd., to supply Canadian industry with 
'a full complement of electronic-electrical components. 
Eric Lidow, President, said headquarters for the Canadian 
operation have been established at 1581 Bank Street in 
) Ottawa, Ontario, with Earl F. Johnson as secretary-man- 
sager. International Rectifier expects to supply Canadian 
‘industry with diodes and rectifiers employing the semi- 
conductive materials selenium, germanium and silicon, in 
addition to silicon solar cells and selenium self-generating 
photocells. 

Allan Q. Mowatt, President of Atlas E-E Corporation 
announced the formation of Atlee Components Inc. The 
new company will be the West Coast manufacturing and 
sales subsidiary of the parent company, Atlas E-E Corpo- 
»ration. The increased sales and demands for services in 
ithe growing West Coast market necessitated the opening 
} of a plant there, according to Mr. Mowatt. Atlee will man- 
»ufacture the full line of the parent company’s component 
6 holders and transistor clips. Mr. Mowatt stated that Atlee 
} will have an extensive prototype facility to satisfy the new 
product needs of this area. The new company will be 
centrally located at 8220 Lankershim Blvd., North Holly- 
) wood, California and will be under the general manager- 
i ship of Clyde Rush, who is Vice-President of Atlee Com- 
¢ ponents Inc. 

&, 
' A new Texas Instruments Incorporated plant at Dallas 
§ has been spotlighted as one of the ten top plants built in 
| the United States in 1958. The 310,000-square-foot build- 
ing houses the TI Semiconductor-Components division 
and is the world’s largest facility for manufacturing tran- 
' sistors and related semiconductor devices. The plant was 
& dedicated in June, 1958, and seven months later in Janu- 
ary, 1959, construction started on a 192,000-square-foot 
_addition to it. TI’s unusual plant was picked from more 
i than 700 nationwide entries in the 25th annual “Top 
! Plants” competition. The two-story structure of unusual 
» design is located on a 300-acre site 11 miles from down- 
+ town Dallas on the city’s principal expressway. It is the 
| first of a number of buildings planned for the site to serve 
research, manufacturing and administrative functions. A 
new 87,500-square-foot Central Research Laboratory 
building is under construction there and will be opened 
this summer. 


Acoustica Associates, Inc. has acquired the Universal 
Dynamics Corporation, Santa Barbara, California, manu- 
facturers of piezoelectric ceramics used in ultrasonic and 
sonar equipment, it was announced by Robert L. Rod, 
' President of Acoustica, one of the country’s largest manu- 
facturers of ultrasonic equipment. Universal will operate 
as a subsidiary and its new facilities contain the most 
modern production equipment permitting high volume 
output for quick delivery of not only standard piezo- 
electric ceramics but also special large and odd-shape 
ceramic pieces having Curie points as high as 300 degrees 
C. The plant contains a completely equipped electronic 
laboratory for testing finished ceramic materials. The 
| growing applications in which such ceramic material is 
} used include passive underwater listening systems and 
hydrophones, and active submarine-detection devices. 
High quality piezoelectric ceramics are also being used in 
/ expanding quantities as the key elements of ultrasonic 
' systems for processing various chemicals and liquids, for 
ultrasonic cleaning, and for gauging liquid levels through 
the use of these high frequency sound waves. 
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Lepel 


HIGH FREQUENCY 
INDUCTION 


HEATING 


Wg 


The Lepel line of induction 
heating equipment represents the 
most advanced thought in the field of 
electronics as well as the most practical and 
efficient source of heat yet developed for numerous 
industrial applications. , ‘ res 
If you are interested in induction heating you are invited 
to send samples of the work with specifications. Our 
engineers will process and return the completed job with full 
data and recommendations without any cost or obligations. 


FLOATING ZONE FIXTURE FOR METAL REFINING 
AND CRYSTAL GROWING 


A new floating zone fixture for the production of 
ultra-high purity metals and semi-conductor materials. 
Purification or crystal growing is achieved by travers- 
ing a narrow molten zone along the length of the 
process bar while it is being supported vertically in 
vacuum or inert gas. Designed primarily for pro duction 
purposes, Model HCP also provides great flexibility for 
laboratory studies. 


Pealures 


© A smooth, positive me- 
chanical drive system 
with continuously varia- 
ble up, down and rota- 
tional speeds, all inde- 
pendently controlled. 

® An arrangement to rap- 
idly center the process 
bar within a_ straight 
walled quartz tube sup- 
ported between’ gas- 
tight, water-cooled end 
plates. Placement of the 
quartz tube is rather 
simple and adapters can 
be used to accomodate 
larger diameter tubes 
for larger process bars. 

@ Continuous water cool- 
ing for the outside of 
the quartz tube during 
operation. 

@ Assembly and dis-as- 
semby of this system in- 
cluding removal of the 
completed process bar is 
simple and rapid. 


Model HCP 


Electronic Tube Generators from 1 kw to 100 kw. 
Spark Gap Converters from 2 kw to 30 kw. 


WRITE FOR THE NEW LEPEL CATALOG . . . 36 illustrated pages 
packed with valuable information. ; 


All Lepel equipment is cer- 
tified to comply with the 

} requirements of the Feder- 
al_ Communications Com- 
mission, 


LEPEL HIGH FREQUENCY LABORATORIES, INC. 


55th STREET and 37th AVENUE, WOODSIDE 77, NEW YORK CITY, N. Y. 
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MANUFACTURERS (In Order of Code Letters) 
ARA— Advanced Research Associates, Inc. MUL— Mullard Ltd. : 
AMP— Amperex Electronic Corp. NTLB— Newmarket Transistors Ltd. 
BEN— Bendix Aviation Corp. NPC— Nucleonics Products Co. 
BOG— Bogue Electric Mfg. Co. PSI— Pacific Semiconductors, Inc. 
BTHB— British Thomson-Houston Export Co., Ltd. PHI—  Philco Corp., Landsdale Tube Co. 
CBS— _ CBS-Electronics RAY— Raytheon Co. ; 
CTP— _ Clevite Transistor Products, Inc. RCA— Radio Corp. of America, Semiconductor Div. 
DEL— Delco Radio Div., General Motors Corp. SIE— Siemens & Halske Aktiengesellschaft 
EEVB— English Electric Valve Co., Ltd. SONY— Sony Corp. 
ESEB— Edison Swan Electric Co., Ltd. SPE— Sperry Gyroscope Co. 
FCS— _ Fairchild Semiconductor Corp. SPR— _ Sprague Electric Co. 
FTHF— French Thomson-Houston Semiconductor Dept. SYL— Sylvania Electric Products Inc. 
GECB— General Electric Co., Ltd. STCB— Standard Telephone & Cables, Ltd. 
GE— General Electric Co. TKAD— Suddeutsche Telefon-Apparate-, Kabel und Drahr- 
GEM— Great Eastern Mfg. Co. werke 
GTC— General Transistor Corp. TRA— Transitron Electronic Corp. 
HUG— Hughes Aircraft Co. TFKG— Telefunken Ltd. 
HIVB— Hivac Ltd. TT Texas Instruments 
IND— Industro Transistor Corp. TUN— Tung-Sol Electric, Inc. 
LCTF— Labortoire Central de Telecommunications WEC— Western Electric Co., Inc. 
MIN— Minneapolis-Honeywell Regulator Co. WEST— Westinghouse Electric Corp. 
MOT— Motorola, Inc. 


CHARACTERISTICS CHART 
of NEW TRANSISTORS 


Announced Between January 1, 1959 and February 28, 1959 


Max. Ratings @ 25° C 


Typical Characteristics 


MER, 


See code 


at 
PARAMETER 


and 
(condition) 


start 


“of charts 


2N255A 3 PNPA Ge 25W 2.5 15 15 PG at 2.0W 35 CBS 
2N256A 3 PNPA Ge 25W 2.5 25 25 PG at 2.0W 35 CBS 
2N511 3 PNP Ge 80W 40 he: 10A 10 min TI 
2N511A 3 PNP Ge  80W 60 n=, 10A 10 min TI 
2N511B 3 PNP Ge  380W 80 nee; 10A 10 min TI 
2N512 3 PNP G 80W 40 ah 
e ho: 15A 

2N512A 3 PNP Ge  80W 60 nee, i pe 
an FE: 5A 10 min TI 

512B 3 PNP Ge 80W 80 ne, 

: 1L5A 10 min TI 
2N513 3 PNP Ge 80W “40 hye: 20A 10 min TI 
pe 3 PNP Ges sow 60 nee: 20A 10 min TI. 

3 
2N513 3 PNP Ge 80W 80 App? 20A 10 min TI 
PNP Ge 80W 40 nee. o5A 10°min TI 
2N514A 3 PNP Ge 80W 60 nr, 
2N514B 3 PNP Ge 80W FE) 3 eee 
2N5 14 3 80 hype? 258 10 min TI 
: NPNA Ge 100 20 18 hep ilo~ 50ma 65 RCA 
2N701 4 PNPD Ge 75 1000 30 25 :2ma, 2 
2N702 2,5 NPND Si 5800 20 100 ne Heese tae Be 
2N705 2,5 -PNPD Ge 150°)/800. 159° 16 | agosm Reba a 
2N1093 295. §)PNPA | (Ge is0 30 8.0 nie et = 
2N1131 3,4 ae 
AD) SAPNPD. ) WSL. 2S0W TED AO eso 80 CE at 30-Mc 11db FSC 
NOTATIONS Under ‘Type Und fy b 
ate TH eg nder a 
Under Use AS Alloyed ¢ * imum .Frequen 
1 - ‘Low power a-f equal to or less than 50 mw G : Ceol nica ‘ Figure % Ment > 
2- Medium power a-f > 50 mw and equal to or i c piece? g Miecen 
i staserca nian Mee end t Gain Bandwidth Product hee X fife 
4 r-f/i-t Ss - Surface Barrier 
3 - Switching and Computer wets i eS ane ees 
i - Revised Spec. §  - Tetrode * 
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Typical V.— I, in 
(Saturation Region) 


= le 
ae a8 Zorenee 


Y FI tf 
He Pee 


(—)I,—Collector Current—Milliamps 


0.2 0.3 0.4 0.5 0.6 0.7 0.8 
(—)V.—Collector Voltage—Volts 


— 
= 
se 
an 


-60 -40 —20 0 40 60 80 100 
T,—Junction Temperature °C 


% of Value at T; = 25°C 


Circle No. 17 on Reader Service Card 


For Reliable Performance 
at High Temperatures 


These field proven Philco Silicon Transistors (SAT*) permit complete 
transistorization of military and commercial circuits that are subjected 
to high ambient temperatures . . . with excellent performance at junction 
temperatures ranging from —65° C to +140° C. 

Type 2N495 is a general purpose silicon transistor designed for 
amplifier and oscillator applications at frequencies through 15 mc. 

Type 2N496 is specifically engineered for high speed switching cir- 
cuits. The frequency at which beta equals unity (ft) is typically 18 mc. 
It gives the designer the advantages of low saturation resistance and low 
voltage operation, at high junction temperatures. 

These units are environmentally tested in 
MIL-T-19500A. 

Complete information will be supplied upon request. Write Lansdale Tube 
Company, Division of Philco Corporation, Lansdale, Pa., Dept. SC-759. 
*Trade Mark Philco Corp. for Surface Alloy Transistor 


accordance with 


TYPICAL VALUE 


CHARACTERISTIC CONDITION 


Voz = -—6Vv 
I; = 1ma 
Vee = —0.5v 
I, = —15 ma 
Vg = —6v 


Current Amplification 
Factor, hfe 

Current Amplification 
Factor, hp 

Output Capacitance, 


Cob lL = lma 


Maximum Frequency 
of Oscillation, 
fos Max. 


Vos = -—6Vv 
I; = 1ma 


Frequency for Beta 
=1, f¢* 


Cutoff Current, 


i a ee Ven or Ven = —10V}.001 pal .001 pa 


Maximum Collector Voltage 2N495—25 V 
2N496—10 V 


Maximum Power 
Dissipation—150 mw 


“fy (the frequency at which beta is unity) is typically 
85% of the alpha cutoff frequency. 


Immediately available in quantities 1 to 99 from 
your Philco Industrial Semiconductor Distributor 


CHARACTERISTICS CHART of NEW TRANSISTORS 


Max. | Max. Ratings @ 25°C | @ 25° | Max. Ratings @ 25°C | Typical Characteristics | 


{ See IDERAT 
4 Code } ING Ves oB 
[| Below J PARAMETER 
and 
(condition) 


2N1132 3,4.5 PNPD si 2.0W 75 40 30 80 CE at 30 Mc 12 db FSC 


2N1139 5 Si 500 15 15 ti-19 50, Upgiig- loma 40 TRA 
2N1167 3 PNPA Ge 50W 1.2 100 80 4KcA hyp: 258 25 MOT 
2N1172 2 PNPA Ge 4,0W 15 40 20 17KcA h,p:I,-500ma 30 DEL 
2N1176—s- 2 PNP Ge 300 200 20 20 Npeilg- 10ma 20 min BEN 
2N1176A 2 PNP Ge. 300 200 40 46 hpgil,- 10ma 20 min BEN 
2N1176B 2 PNP Ge 300 200 60° 60 Hpeilo- 10ma 20 min BEN 
2N1219 5 PNPA Si, 150 880- 30.0 26 700 ee ce 27 GTC 
2N1220 5 PNPA Si 150 830 30. 25 “355 hoo:T(- bma 14. GTC 
2N1221 5 PNPA Si. 150 «830. 30 © 25 7 0ee ene 27 GTC 
2N1222 5 PNPA Sis 150° 830: 30) 25 13p5 set eee 14 GTC 
2N1223 Aa PNPA Si 150 830 40 40 2.0 hpe:Ic- ima 10 GTC 
2N1228 2,5 PNPA Si. 250: 8660. 15." 215 HUG 
2N1229 2,5 PNPA St 250° 650. 15. ts HUG 
2N1230 2,5 PNPA Sie 950°. 550) 85) 935 HUG 
2N1231 2,5 PNPA Si 2250). 550. ~35e) 935 HUG 
2N1232 2,5 PNPA Si 250 550 65 £65 HUG 
2N1233 2,5 PNPA Si. 250 550-165 65 HUG 
2N1234 2,5 PNPA St: 1250 “4550. 110 110 HUG 
2N1238 2,5 PNPA Sigs 1e0W- 027 ba dS HUG 
2N1239 3,5 PNPA Si Ate OWS ie 27 ed bor ets HUG 
2N1240 3,5 PNPA Sie = 10W C27 0 3h) «3s HUG 
2N1241 3,5 PNPA Sim ft oOOW nT aha oe HUG 
2N1242 3,5 PNPA Sie 10 OW) 27 6545 6S HUG 
2N1243 355 PNPA Sip Stl OW- 2 27. 65a) (65 HUG 
2N1244 3,5 PNPA Sia) 51 50W ee Tl 0s HUG 
2N1245 3 PNPA Ge 25W 2.5 25 25 hppilg= «5A 75 CBS 
2N1246 3 PNPA Ge 25W 2.5 25 25 Npgitg- -5A 150 CBS 
2N1251 2 NPNA Ge 150 400 20 15 .60 PG at 1000cps 40 db SYL 
2N1261 3 PNPA Ge S2W 2.2 60 45 .203t hppiIQ- 2A 30 MIN 
2N1262 3 PNPA Ge S2W° 2.2 60 45)..200) He. 7 on 43 MIN 
2N1263 3 PNPA Ge 32W 2.2 60 45 .20¢+ heel 2A 64 MIN 
2N1264 4 PNPD Ge 50 1000 20 3.0A PG at-1.5 Me 15 db SYL 
2N1265 1 PNPA Ge 50 1000 10 .60 PG at 1000cps 37 db SYL 
2N1266 4 PNPA Ge 80. 750 10 10. 1.5A “PG at 455Ke © 24 db oon 
GET102 2 PNPA Ge. "200; ~ 200°. 30 -. 20m bin5e nee 
GET111 2 PNPA Ge 200 200 60 20 1.5* nfte. Tai ARS acea 
GET113 2 PNPA Ge 200 200 15 ~‘15a “tee pores 110 GECB 
OT327A 2 PNPA Si 150 50 40 | 20 Heeed - 8ma 14 QTC 
eet 2 PNP Gece Wee 5 0 50 35" 30 he:1-— Sma 25 GTC 
3 PNPA§ Ge 63W 1.1) 60 <S5™ . 60 cee 
H200EB 3 PNEAS “= Ge™ Seswiacae so! (ae ee RFE: TO a x a 
LT5163 3 NENA) Ger lu SoW 30 a pe Ce en A0 
1761631 3 NPNA Ge 20W 3.0 60 45 Hoste aa 40 ae 
5164 3 NPNA PE? =G0. 2 
Ge 20W 3.0 80 Dp! on 5A 40 CBS 
NOTATIONS Wndensiype Under fap 
Under Use Aes ees hake * Maximum Frequency 
1 - Low power a-i equal to or less than 50 mw G z an be i a Sere 
2- Medium power a-f > 50 mw and equal to or H  - Hook Collector 3 Maen 
leas'than’ 600saw M - Microalloy + Gain Bandwidth Product hr. x f 
3- Power > 500 mw On =. Other, fe * “hfe 
4 - r-f/i-f Ss - Surface Barrier 
§ - Switching and Computer eee Sie ESET 
J - Revised Spec. § - Tetrode 
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Now...ftrom PHILCO 


High Dissipation: to 1 watt peak at 25°C 
High Current: Max. lc = —400 ma 
High Temperature: 100° C Max. 

High Voltage: Max. Vcp to —45v 

High Frequencies: Min. fp to 12 me 


Philco’s complete family of PNP germanium alloy 
junction transistors is available in both studded and 
unstudded cases (TO-31 and TO-9), permitting 
operation at power levels as high as 1 watt peak. 


*Peak Dissipation at 25°C=—1 Watt 


They offer the designer complete flexibility, pro- 
2N599 viding a choice within each form factor to meet 

= SS 
25 e =a ee Sh Fae 


HP ourrur quency. These transistors feature a unique, patented, 


212A 


Circuit requirements for voltage, gain and fre- 


cold-welded copper housing and internal construc- 


tion that result in lower junction temperatures at 
oe normal operating power levels. (K factor as low as 
SWITCHING TIMES idiot 0.1° C/mw.) Their design insures improved life 
and reliability at temperatures as high as 100° C. 
The high beta of these transistors at high current 
makes them particularly applicable to medium 


= at as Pee 
_—— speed flip-flops, logic gates, drum writers and 


BETA, hee 


core-driver circuits. The 30v to 45v collector rating 


OC AVERAGE 


—1.0 = Sif £65 81SI0 —20 —40 —60 —80—100 ~—200 —400 provides the high level logic swings required in 
Sage yeti stim awa ae many data processing equipments. The entire 
family is available in production quantities .. . 


Make Philco your prime source for all tran- and in quantities 1-99 from your local Philco 


sistor information and prices. Write Dept. SC-759 Industrial Semiconductor Distributor. 


Circle No. 18 on Reader Service Card 


CHARACTERISTICS CHART of NEW TRANSISTORS 
Typical Characteristics 
USE TYPE MER. 


See code 
ay see Pe DERAT Vee | Vce ak ' at start 


he Code }$ 
| Below J l Below! PARAMETER of charts 
d i 
(Gonuition) 


LT5164L 3 NPNA Ge 20W 3.0 80 60 Nppiton 5A 40 CBS 
LT5165 So NPNA Ge 20W 3.0 35 hopiion 5A 40 CBS 
LT5165L 3 NPNA Ge 20W 3.0 35 30 hom tton 5A 40 CBS 
TK28B 2,52 PNPA Ge 200 250 26 25 doll hopiton 60ma 54 STCEy 
TKT70A 2,4,52 NPNA Si 325 380 30 20 5.5 hppi tg-100ma 30 STCB 
TK71A 2,4,571  NPNA Si 325 380 30 25 2.0 hop t -100ma 14 STCB 
TK72A 2,4,5 NPNA Si 325 380 15 12 1.2 nopiton- 10ma 18. STCE 
V10/15 2,5 PNP Ge 125 400 10 10 Hp, :500ma 40 NTLB 
V10/25 2,5 PNP Ge 125 400 10 5.0 hpo:500ma 25 NTLB 
V15/15NP 3 PNP Ge 15W 1.0 15 0175 Nhe 200ma 25 NTLB 
V15/20R 1,4 PNPD Ge 25 2000 15 30 hp: 1ma 25 NTLB 
V15/30NP 3 PNP Ge 15W 1.0 15 175 hp,? 200ma 40 NTLB 
V30/15NP 3 PNP Ge 1bW 1.0 30  . .d75* jhe ee 2eoma 25 NTLB 
V30/30NP 3 PNP Ge 15W 1.0 30 175 Np, ?200ma 40 NTLB 
NOTATIONS Under Type Under ‘ab 
eGo D Dee aoe Beit : ee bead saa 
1 - Low power a-f equal to or less than 50 mw Z Saati eas 8 yas fxe 
2- Medium power a-f > 50 mw and equal to or an icra iter : a ae preach, aie 


less than 500 mw 
3- Power > 500 mw 
4 - r-f/i-f 
4 - Switching and Computer 
@ - Revised Spec. 


Other 

Surface Barrier 
Unijunction Transistor 
Symmetrical 

Tetrode 


mi aGnO 
2 


The following manufacturers have announced that they have begun supplying the indicated 
previously registered transistors. 


Generali Transistor: 2N388, 2N396, 2N495, 2N496 
Motorola: 2N297A 
Texas Instruments: 2N395, 2N396, 2N397 


FROM PAGE 44 


TYPE NO. 


MISCELLANEOUS DIODE TYPES 


CLASSIFI- 
CATION DESCRIPTION 


1N26B aby? 1N26 for 150C operation; Max 
- noise ratio-1.5 

NTSC 1,2 IN78 for 150C operation; I.F. impedance 425-565ohms ae 

1838 1,2 Low flicker noise germanium mixer at R. F. j PHI 
ae i ae frequencies below 14kMc. 

aramp ode 70 kMc. cut-off at 7V. breakdown: Cc'-0 
HPA2810 Paramp diode 70 kMc. cut-off at TV. breakdown; ieee ae ae 
MS1 5 Active Area, 0.187 in. x 0 
y ' 2 -100 in. 
MS2 5 Active Area, 0.7 in. 0.5 in. ca 
MS10 5 Active Area, 0.3 in. diameter eee 
MS11 5 Active Area, 1.0 in. diameter a 
1N2175 Photo-Duo-Diode -5ua. max Reverse I at 50V, Light I/Dark I-10,000max ALE 
OAP12 4 Germanium-5 0ma/lumen area-1sq. mm. MUL 
SERI Solion-Duo-Diode Readout integrator-.9V.max., input 100ua.max TEX 
° e;7 


readout-1ma.max,. 
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ELECTRONICS, 
Oct. 1, 1957, 
pg. 167 


1,068,111 


a 
a 
a 


ELECTRONICS, 
Oct. 1, 1957, 
pg. 167 


PHILCO 
REPORT, 
Feb. 10, 1959 


PHILCO 
REPORT, 
Feb. 12, 1959 


PHILCO 
REPORT, 
Nov. 19, 1958 


{Failures due to all causes including human error. 
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PHILCO Transistors operate 


Carefully documented reports now reveal that 
Philco electro-chemical transistors have 
amassed more than fifty-million hours of 
Operation in six computers under actual field 
conditions. Here is proof of the outstanding 
performance and reliability that electronics 
engineers and designers have come to expect 
from Transistor Center, U.S.A. Of course, 
these transistors are still operating in their 
original high speed computer switching cir- 
cuits... extending service life data on these 
transistors beyond the limits of any previously 


published information. 


When you think of transistors, think first 
of Philco. Make Philco your prime source 


for all transistor information. 


Write to Lansdale Tube Company, Division of 
Philco Corporation, Lansdale, Pa., Dept. $C 759 


*Documented service hours in these six computers only. Total 
transistors hours in similar circuits are many times this amount. 


New Products 


(from page 45) 


Audio Tone Oscillators 


The Series 101 and 102 Audio Tone Os- 
cillators produced by MF Electronics, are 
completely self-contained assemblies 
which generate sine waves of rated ac- 
curacy upon application of the required 
DC potential. They operate from either 
12 or 28 volts, specifically pointed towards 
use in portable and test set, as well as 
aircraft equipment. Series 102 generates 1 
or 2 volts RMS with a frequency accu- 
racy of +2%. Series 101 generates 1 or 2 
volts RMS with a frequency accuracy of 
+5%. The accuracy specification is ap- 


plicable over the range of ambient tem- 
peratures of —25 to +55°C. 
Circle 75 on Reader Service Card 


Silicon Solar Cell Batteries 


High efficiency silicon solar battery 
modules, manufactured. by International 
Rectifier Corporation, are designed for 
powering transistorized equipment during 
daylight operation, as well as for charging 
storage batteries for continuous day and 
night operation. The output voltage of 
the solar module is 1.75 volts at 30°C cell 
temperature, and 1.5 volts d.c. at 65°C. 
Each module contains five series-con- 
nected 1 cm. x 2.cm. solar cells embedded 
in an epoxy mold that provides a rugged, 
shock-resistant, weatherproof housing. 
Request Bulletin SR-276. 


Circle 68 on Reader Service Card 


Diode Test Set 


Model ND-1 Standard Diode Pulse Re- 
covery Test Set, is being manufactured 
by The Indikon Company. Used with a 
suitable square-wave generator and os- 
cilloscope, it operates over the following 
ranges: forward bias current of 2 to 40 ma: 
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inverse voltage 5 to 50 volts; load resist- 
ance 500 to 3000 ohms; load capacitance 
10-100 wf; inverse enhancement current 
5 ma to 50 pA; measurement time in- 
terval one tenth to ten psec. Built in test 
clips, interconnecting cables, and resist- 
ance and capacitance standards are pro- 
vided. 
Circle 78 on Reader Service Card 


Silicon Rectifiers 

Transitron Electronic Corporation an- 
nounces military approval of a series of 
axial lead silicon rectifiers. These JAN 
rectifiers are designed for use in applica- 
tions that demand reliable operation at 
high temperatures and under severe en- 
vironmental conditions. Types 1N538, 


1N540, and IN547 offer high efficiency and 
ease of mounting in new and existing 
rectifier applications. Maximum ratings 
are 200v, 400v, and 600v respectively at 
250 milliamps, 150 degrees centigrade am- 
bient temperature. 

Circle 51 on Reader Service Card 


Miniaturized Capacitors 


The Capacitor Division of Balco Re- 
search Laboratories announces the devel- 
opment of a new series of low voltage, 
space saving capacitors for high tempera- 
ture environments, transistor circuits and 
high performance applications. Known as 
the Balco LV and LZ Series, the new 
capacitors are normally designed for con- 
tinuous operation from —T70°C to 175°C 
without derating. Extended temperature 
types T, and T, are available to 200°C and 
250°C respectively without derating. 
Available hermetically sealed or epoxy 
dipped and with axial, radial or dual 
leads. 


Circle 73 on Reader Service Card 


Coaxial Diodes 


The 1N78B and reversed polarity IN78BR 
coaxial microwave silicon mixer diodes 
are available from Microwave Associates. 
The new types are directly interchange- 
able with the IN78A and IN78AR respec- 
tively but offer improved noise figure for 
microwave receivers operating in the 12.4- 
18.0 kme frequency range. Maximum 
conversion loss and noise temperature 
ratio is 6.5 db and 1.3 times respectively. 
Calculated maximum receiver noise figure 
at 16 kme assuming a 1.5 db IF noise con- 
tribution is 8.8 db. Maximum VSWR limit 
is 1.6. IF impedance limits range between 
365 to 565 ohms. 


Circle 66 on Reader Service Card 
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Silicon Grown Ingots 


Individual grown silicon lenses to I 
diameter and silicon domes to 8” diameter 


for infrared use are now available in: 


production and evaluation quantities ac- 
cording to an announcement by Knapic 
Electro-Physics, Inc. The principal use for 
this new large diameter material is in the 
manufacture of lenses for infrared sensing 
devices. Coated silicon lenses from this 


material will pass 92-97% of the infrared | 


wave length band between 1 to 85 
microns. Silicon lenses do not transmit 
visible light, and are used in infrared 
cameras, homing missiles, and early warn- 
ing devices similar in application to pres- 
ent radar systems. 
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Ultrasonic Cleaners 


A new line of Multi-purpose Ultrasonic 
cleaners is now being manufactured by 
Circo Ultrasonic Corp. These high speed 
cleaners are ideal for hundreds of elec- 
tronic applications including cleaning 
gears, bearings, instruments etc. Remov- 
ing such things as excess solder flux, fin- 
gerprints, lint waxes, grease and polish- 
ing compounds from parts, has become 
a major use of Ultrasonic cleaning. Cir- 
cosonic units consist of a generator and a 
matching transducerized tank. 
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Current Governor 


A programmable constant current 
source has been introduced by North 
Hills Electric Co. Designed especially for 
peak inverse voltage measurements, the 
CS-120 has a range of 0.1 “a to 10 ma. 
From 0-2200 V.D.C. Current is set to five 
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‘laces by decade knobs arranged to pro- 
vide a digital inline readout. Line and 
oad regulation are better than 0.05%, with 
tability assured by a chopper stabilized 
eedback system. The current may be 
t>rogrammed or modulated by a remote 
signal. 
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Mener Diodes 
; 'U. S. Semiconductor Products an- 


hounces the development of a medium 
ower double anode silicon zener diode 


‘or clipping, pulse forming, and voltage 
egulating applications with lower Tg. 


Moy .250” diameter, with choice of axial 
»eads or stud mount. Zener voltages from 
Jsyv to 35v and temperature coefficient 
rom .038% to .066% per °C, together with 
abrupt breakdown, provide the flexibility 
meeded for superior performance in com- 
‘mercial and military applications. 
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Transistor Transformer 


)} Microtran Company announces the ad- 
dition of seven new micro-miniature 
‘transistor transformers to its catalog line. 
efhese new units are available in open 
iframe construction with standard channel 
Jmounting or plug-in tab mounted channel. 
sSize is approximately 34” long by 7/16” 
high by %” wide; approximate weight 
6.4 oz. 
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Silicon Rectifier Series 


Magnetic amplifier and high voltage 
type silicon rectifiers produced by the 
double diffusion process have been re- 
leased by Columbus Electronics. In her- 
metically sealed, axial lead, top hat design, 
magnetic amplifier types feature low 
leakage and low forward drop for use in 
circuits where extremely low reverse 
currents are of prime consideration. The 
high voltage types are also hermetically 
‘sealed and are available in the axial lead, 
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GOLD 


doped with N-type or 
P-type elements — supplied in 
form of wire, sheet or ribbon 


and cut or stamped pieces. 


* 


CHEMICALLY-PURE 
ALUMINUM WIRE 


As small as .002” 


(approximate) 


INDIUM 


SINCE 1901 


electroplated 
base or precious 


metal wires. Write for list of products 


SIGMUND COHN CORP. 


121 South Columbus Avenue * Mount Vernon, N. Y. 
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for maximum reliability 


PREVENT 
THERMAL 
RUNAWAY 


Prevent excessive heat from 
causing “thermal runaway” in 
power diodes by maintaining 
collector junction temperatures 
at, or below, levels recommended 
by manufacturers, through the 
use of new Birtcher Diode 
Radiators. Cooling by conduction, 
convection and radiation, 
Birtcher Diode Radiators are 
inexpensive and easy to instal] in 
new or existing equipment. 

To fit all popularly used 

power diodes. 


FOR CATALOG 


and 
test data write: 


with NEW 
BIRTCHER 


DIODE 
RADIATORS 


BIRTCHER COOLING AND RETENTION DE- 
VICES ARE NOT SOLD THROUGH DISTRIBU- 
TORS. THEY ARE AVAILABLE ONLY FROM 
THE BIRTCHER CORPORATION AND THEIR 
“ALES REPRESENTATIVES. 


THE BIRTCHER CORPORATION 


industrial division 
4371 Valley Blvd. Los Angeles 32, California 


Sales engineering representatives in principal cities. 
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PRECISION WAFERING 


MACHINES 


Models for all jobs requiring very thin 
slicing of semi-conductor and other diffi- 


cult-to-cut materials, 


Micro-Matic Machines are used by 


Audio Devices, Inc. 

Bell Telephone Laboratories, Inc. 
C.B.S.—Hytron 

Clevite Transistor Products, Inc. 


Federal Telecommunications 
Laboratories 


General Electric Co. 
International Business Machines Corp. 
Radio Receptor Co., Inc. 
Sperry-Rand Semi-Conductor Facilities 
Texas Instruments, Inc.— 
Semi-Conductor Components Div. 
Tung-Sol Electric, Inc. 
and many other leading firms 


+ + + + + + + + HH 
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1020 COMMERCE AVE.,, 
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MICROMECH MANUFACTURING CORP. 


A.Division of Sanford Manufacturing Corp. 


Model WMA 


Fully automatic, produces 
wafers consistent in thick- 
ness and parallelism to 
within °.0005'’ total 
variation. 


Write for illustrated brochure 


UNION, N.J. 
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top hat design. Features include use for : 
high voltage power supplies, high voltage ; 
blocking applications and _ clipping: 
circuits. 
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Frequency Shift Tone 
A new type of transistorized frequency ; 
shift powerline carrier tone equipment, : 
designed to protect electric utility lines 
and transformers, is now being marketed 
by GE. Known as type 10 tone, the equip- 
ment operates from 24, 60 and 120 cell 
batteries and may be used over standard 
leased lines, private telephone lines, or 
carrier or microwave channels. High speed 
operation enables the trip coil of a circuit- 
breaker to be energized in only one cycle 
(60-cycle basis) for tripping signal trans- 
mission. 
Circle 61 on Reader Service Card 


Power Transformer 
Development of voltage doubler circuits 
using silicon rectifier power supplies is 
now possible with the new Triad R-93A 
power transformer. It provides taps on 
both primary and secondary windings to 
allow several variations of output voltage, 
and is electrostatically shielded. Rated | 
at 110/120 volts, 60 cps primary and 
150/160/170 volts @ 500 ma secondary, the 
R-93A also supplies filament power of ° 
6.3v-6A center tapped for hum reduction. 
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dio Transistors 
‘A new series of germanium general 
urpose PNP alloy junction audio tran- 
istors, types 2N1191, 2N1192 and 2N1193, 
_available from Motorola Semiconduc- 
s. Maximum ratings are: Collector to 
40 Volts; Collector to 
imitter Voltage, 25 Volts; Collector Dis- 
}pation @ 25°C Ambient, 175 milliwatts. 
Nurrent gain (h;,) ranges are tightly 
mtrolled with 2.5:1 or less spread. Her- 
etically sealed. 
Circle 64 on Reader Service Card 
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in-Line Rectifiers 
' Availability of a complete line of in- 
ine ceramic-cased rectifiers was an- 
hiounced recently by Texas Instruments. 
“he dense-alumina ceramic case pro- 
vides 1.5-amp average rectified forward 
urrent at 50°C through efficient heat dis- 
fipation. Voltage ratings are 200 to 600 v 
TV and the operating temperature range 
s from —65 to +150°C with current rating 
»£ 500 milliamps at 150°C. 
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Subminiature Socket 

A new four-contact sub-miniature tube 
socket and transistor socket has recently 
Hbeen marketed by Fluorocarbon Products 
Mnc., a division of United States Gasket 
iCompany. Designated No. SJ-424, and 
Edesigned especially for JETEC type 
Hsockets, the new space-saving socket fea- 
Htures a Teflon body for compression 
ounting into a metal chassis and it re- 
Pguires no additional hardware. 
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TRANSISTOR DEVICE ENGINEERS 


ACHIEVE BEST USE_OF 
YOUR CREATIVE TALENTS 
WITH GENERAL ELECTRICS 

Expanding SEMICONDUCTOR Operations 


YOUR ASSIGNMENT: 


To formulate and execute a high frequency tran- 
sistor design into a reliable product for application 
in the 100-500 meps region. 


REQUIREMENTS: 


A basic working knowledge of solid state physics— 
including diffusion, alloying, vapor deposition, sur- 
face phenomena and associated processing and 
measuring techniques. BS in EE, Chem E or Physics. 
At least 2 years’ industrial or laboratory experience 
on semiconductor devices and materials. 


AT G. E. YOU WILL... 


Work in the campus-like environment of modern 
Electronics Park. 


Associate with industry’s outstanding scientists and 
engineers . . . who, for example, recently devel- 
oped the “revolutionary’’ SILICON CONTROLLED 
RECTIFIER from an idea to mass production .. . 
with unprecedented speed! 


Be supported by the company’s ample financial re- 
sources and complete research facilities. 


CHALLENGING OPENINGS 
for Physicists, Metallurgists, Physical Chemists, EE’s, 
ME’s, Chem E’s—BS thru PhD, at all levels of ex- 
perience—to work in: 


DEVICE ENGINEERING 
Devise design and advance process development of 
silicon and germanium transistors and rectifiers, 
silicon controlled rectifiers, and selenium rectifiers. 


APPLIED RESEARCH 
Conduct surface and etching studies on semicon- 
ductor materials and devices. Investigate new tech- 
niques for the refinement of semiconductor mate- 
rials. 


SEMICONDUCTOR METALS ENGINEERING @ 
FIELD SALES @ PRODUCT PLANNING 
@ QUALITY CONTROL ENGINEERING @ 

TEST EQUIPMENT DESIGN & DEVELOPMENT 

@ MANUFACTURING PROCESS ENGINEERING 


Semiconductor experience desirable—but not essential 


U.S. CITIZENSHIP NOT REQUIRED 


Enjoy gracious living in the heart of New York's 
Vacationland . . . adjacent to the famed Finger 
Lakes Region, Adirondack Mountains, and the 
Thousand Islands. 


Liberal relocation allowances. Excellent benefit plans 
include tuition refund for graduate studies at Syra- 
cuse University. 


Mr. M. D. Chilcote, Division-125-MG 
SEMICONDUCTOR PRODUCTS DEPT., Bldg. 7 


GENERAL ELECTRIC 


Electronics Park Syracuse, New York 
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RCA 


CREATES A 


GOLDEN 
OPPORTUNITY 


FOR SCIENTISTS 
ENGINEERS 


Inquiries are invited for key 
openings at RCA’s new, ultra- 
modern Semiconductor and Ma- 
terial headquarters in suburban 
Somerville, New Jersey (just 35 
miles from New York City), from 
individuals with degrees in... 


PHYSICAL CHEMISTRY +« METAL- 
LURGY « PHYSICS « CERAMICS -« 
MECHANICAL AND ELECTRONIC EN- 
GINEERING e CHEMICAL ENGINEER- 
ING AND INORGANIC CHEMISTRY 


RCA-Somerville is headquarters 
for major research and develop- 
ment work on: 


SEMICONDUCTORS 


Diodes « Transistors « Silicon Rectifiers 
Thyristors 


MICROMODULES 


Subminiature Packaged Circuitry-Micro 
Elements e Resistors ¢ Capacitors 
Inductors « Transistors 


ELECTRONIC MATERIALS 


Thermoelectrics « Ferroelectrics 
Dielectrics ¢ Primary Energy Sources 


PHONE OR WRITE 
MR. J. B. DALY 
RAndolph 5-4500 


RADIO CORPORATION 
OF AMERICA 
Semiconductor and Materials 
Division 
Somerville, New Jersey 
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New Literature 


Up-to-date specifications on solid tan- 
talum capacitors are presented in a 
revised engineering bulletin now avail- 
able from Kemet Company, Division of 
Union Carbide Corporation. The four- 
page Electronics Products Engineering 
Bulletin No. 1 contains a general descrip- 
tion of solid tantalum capacitors, a list of 
possible applications, and data on per- 
formance characteristics. A full-page table 
lists specifications such as capacitance, 
working voltage, weight, dimensions, and 
leakage current for 60 different solid 
tantalum capacitors made by Kemet 
Company. 

Circle 122 on Reader Service Card 


General Electric Communication Prod- 
ucts Department has issued Bulletin GEA 
6902 on transistorized frequency shift tone 
equipment for pilot relaying. The eight 
page bulletin describes basic equipment, 
such as transmitters, receivers, power 
supply, auxiliary units and tone frequen- 
cies used to perform transfer-trip, differ- 
ential relaying and directional comparison 
relaying. 

Circle 123 on Reader Service Card 


A bulletin describing Acoustica Multi- 
power transducers for ultrasonic appli- 
cations is now available from Acoustica 
Associates, Inc. The characteristics of the 
new transducers, said to be considerably 
more efficient than conventional piezo- 
electric and magnetrostrictive types, are 
described in the new bulletin. 
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Bulletin No. 721 describes and illustrates 
an integrated series of regulated tran- 
sistorized power supplies. Specifications 
are given for over 40 different models 
manufactured by Electronics Measure- 
ments Company. Two categories are cov- 
ered: wide range models and narrow 
range models. All models are for either 
rack or table mounting. 

Circle 127 on Reader Service Card 


Tenney Engineering has prepared an 
excellent brochure of general descriptive 
literature showing some of the many 
types of environmental test equipment 
they manufacture. The newest addition to 
the brochure covers high and low tem- 
perature chambers which they are offer- 
ing for use in simultaneous tests with vi- 
bration exciters. Units are also available 
to perform altitude-temperature-vibra- 
tion tests. Tenney will fully discuss all 
environmental problems for standard 
equipment as shown, or custom built 
chambers to specifications. 


Circle 100 on Reader Service Card 


Mucon Corporation announces catalog 
J-1, which describes in a four page bro- 
chure its complete line of subminiature 
ceramic capacitors made in twelve types 
of ceramic material. Axial and radial 
leads, ribbon leads, stand-off units, mul- 
tiple units and various terminal arrange- 
ments are described. Stock high-capac- 
itance units for transistor circuit appli- 
cation are also shown. 
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High Temperature Ceramic Insulated} 
Magnet Wire for service up to 1000° F. ia 
the subject of a new 8-page brochure 
issued by Secon Metals Corporation. Thi 
new brochure contains the basic informa~ 
tion on the original research performed 
approximately one year ago as well as the: 
engineering data which was compiled 
during the past year. The brochure con-. 
tains charts and diagrams to further: 
amplify the data contained in it. 
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Electronic Research Associates an-. 
nounces the availability of a new two- 
color catalog sheet covering data on their: 
new Zener Voltage Tester Model DT100. 
This unit provides automatic readings of : 
zener voltage as a function of current. 
and is intended for both laboratory and 
factory measurement of zener diodes,3 
transistor breakdown characteristics, } 
semi-conductor rectifiers and similar solid 
state elements. The catalog sheet provides 
full descriptive material, specification data 
and prices. ; 
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Telonic Industries, Inc., announce the 
availability of their new Short-Form Cat- 
alog, No. 8-A, covering Telonic Sweep 
Generators and allied equipment. The 
four page bulletin contains extensive in- 
formation on the operation, construction, 
and features of Sweep Generators, Plug- 
in Markers, RF Filters, Detectors, and At- 
tenuators. A convenient chart is included 
in the catalog listing all Sweep Generator 
models with their major performance 
specifications. 
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| 
Semicon, Incorporated has issued a 
brochure on their basic line of general — 
purpose silicon rectifiers. Specifications of ° 
popular types are listed in this folder. — 
Also included is some brief information - 
about this new company as well as photo- 
graphs showing a few of its activities. 
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Cobehn, Inc., has issued a folder de- 
scribing their High-Velocity Spray-Clean 
Technique and Equipment for electronic 
and instrument components and assem- 
blies. Shown, and described are automatic 
and manual precision parts cleaners and 
Spray-Clean Solvent. Cleans diodes, tran- 
sistors, crystals, ete. 
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Palmer Associates Inc., has issued a 
folder on their Glass-to-Metal Seals. 
Shown and described briefly are Con- 
denser Seals, Multiple Headers, Transis- 
tor Mounts, Diode Closures, and Single 
Terminals. Also included is information 
on their research and development pro- 
gram as well as general information on 
the seals they manufacture. 
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Sprague Electric has issued Engineering 
Bulletin #3205 on their Type 40D Ex- 
tended-Life Miniature Tubular Alumi- 
num Electrolytic Capacitors. Lists stand- 
ard ratings, typical curves, and perform- 
ance characteristics. 
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i Sylvania has announced publication of 
2 he second edition of its “Transistor Char- 
Hcteristics and Interchangeability Guide.” 
The new booklet lists the characteristics 
jind ratings of a wide variety of transis- 
fors used in entertainment, industrial, 
(4nd military applications and, in addition, 
Stontains “a substitution chart and guide 
#o manufacturers for close to 700 popular 
“ypes,” according to Ernest H. Ulm, gen- 
xral sales manager of Sylvania’s Semi- 
sonductor Division. Including a glossary 
tf transistor parameter symbols and defi- 
@hitions, the 20-page booklet lists me- 
v:hanical specifications and connections 
jor Sylvania’s complete line of transistors 
hhnd sockets. 
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! An 8-page catalog on Rectico Sele- 
nium Rectifiers contains basic charac- 
é-eristics in great detail with temperature 
@derating table as well as an Overload 
tind = Allowable-Currents-under-Various- 
PForced-Cooling curves. One page is de- 
Svoted exclusively to general design in- 
Tiormation on rectifier circuits. Current 
Ratings of cell sizes from 1” x 1” up to and 
including 6” x12” are listed in a chart 
especially designed for ready reference. 
Also contains a Code Designation chart, 
& DC voltage chart and bracket dimen- 
Msions in chart form. 
; Circle 118 on Reader Service Card 
* A highly useful four-page guide for 
Ybuyers and engineers to assist them in 
‘the selection of GE Tantalytic Capacitors 
Hand Micro-Miniature Relaps has been 
Gprepared by Schweber Electronics. The 
guide lists Tantalytic Capacitors in nu- 
Hmerical sequence by microfarads as well 
@as an easy guide to the selection of micro- 
Gminiature Relays in five short steps and 
Hincludes legend, case sizes and tolerances. 
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* A new technical bulletin describing the 
'P Series miniature encapsulated pulse 
transformers, designed especially for 
printed circuit and automatic assembly 
J applications, has been published by Tech- 
i nitrol Engineering Company. The P Series 
transformers are wound on high perme- 
Pability ferromagnetic cores, resulting in 
Ya transformer design with a high pulse- 
) width to rise-time ratio. The units are 
available in a number of case styles with 
fa range of pulse widths from 0.05 to 10 
i microseconds for either vacuum tube or 
# transistor applications. 
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} Literature on the recently-announced 
*Rex-Array photorectifier plate now is 
Savailable from the Electronics Compo- 
tnents Division of Rex Corp. The litera- 
_ ture gives basic information on the Rex- 
} Array, which greatly extends the range 
land increases the flexibility of digital 
’ computer systems by behaving essentially 

like a diode array, but requiring prac- 
| tically no soldering and utilizing only 
' approximately one-twentieth the space 
) of diode arrays. 
1 Circle 121 on Reader Service Card 
. 
A new and completely revised Transis- 
-tor Interchangeability Guide was an- 
'nounced recently by the Raytheon Indus- 
: trial Products Dept. 

The guide opens to a 19x 25 wall chart 

-and provides Raytheon equivalents for 
- over 200 E1A registered transistor types. 
- Included are typical applications, outline 

drawings and heat radiator requirements. 
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Provides Automatic Presentation Of: 


APPLICATIONS: zener diode voltage . . . transistor 


Laboratory breakdown and zener voltage 


Experimentation . . . diode inverse and reverse 
Circuit Design 
Quality Control 
Trouble Shooting 


Production Testing 


voltages. Also Tests For... 


zener diode impedance. 


ERA’s new Zener Diode Tester, 

Model DT100 is a self contained AC 

operated instrument designed for direct 

reading of zener voltage as a function of 

diode current. Provisions are also included 

for AC modulation of the diode current to permit 

the determination of zener impedance or zener slope for 

any given value of diode current. The instrument incorporates 

a wide range adjustable constant current generator which 

injects the desired value of current into the diode under test 

and maintains this current constant independent of line voltage 
fluctuations or zener voltage and impedance. The voltage appearing 
across the non-linear diode impedance is read directly by a high impedance 
DC voltmeter for the given current setting. 


SPECIFICATIONS 


Input Source TI5VAC, 60cps 
Zener Voltage Range 0-300VDC 
Zener Current Range 50 Microamperes-50ma 
Measurement Accuracy Better Than 2% 
Metering Direct Reading Ez, Iz 
Zener Impedance Provision for AC Modulation lac, Eac Reading 
Physical Sloping Front Cabinet, Size: 12x8x19 inches 
Model DT100 $275.00 


FOB Factory, Subject to change without notice 


ERA manufactures a full line of transistor test equipment and transistorized devices. 
Write for complete technical bulletin on this (Catalogue #115) and related devices. 


*Pat. Appl. For 


ELECTRONIC RESEARCH ASSOCIATES, INC. 


67 Factory PI., Cedar Grove, N. J. CEnter 9-3000 


SUBSIDIARIES 
Era Electric Corporation * Nutley, N. J. Era Pacific Inc. * Santa Monica, Cal. 


TWX NJ1144 
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ULTRASONIC 
BREAKTHROUGH! 


ONLY ACOUSTICA 
ULTRASONIC 
CLEANERS HAVE 
MULTIPOWER! 


The Multipower transducer developed by 
Acoustica research, multiplies the power 
and efficiency of ultrasonic action. Clean- 
ing is faster, better, labor costs are lower. 
Acoustica ultrasonic cleaners are built for 
performance and durability. They are 
engineered to the finest standards, un- 
equaled in quality and value. 


Off-the-shelf in capacities from 1 to 75 gal. 
or custom built to 5000 gal. and more. 
Expert Acoustica engineers can help you 
with your cleaning problems. Send for 
further information. 

Los ANGELES 


ACOUSTICA 


LEADER IN ULTRASONIC RESEARCH 


OF OOO OOOO OOO SOOO SOOO III ICECIOIIO 
e 


* Acoustica Associates, Inc. 
¢ Dept. SP Fairchild Court, Plainview, N. Y. 

* Send information describing advantages of 
: Acoustica ultrasonic cleaners. 
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PERSONNEL 
NOTES 


Appointment of Edward O. Johnson as 
Manager, High Temperature Product De- 
velopment, RCA Semiconductor and Ma- 
terials Division, was announced recently. 
Mr. Johnson will be responsible for ad- 
ministering high temperature materials 
programs of RCA at both the Somerville 
plant and RCA Laboratories at the David 
Sarnoff Research Center in Princeton, 
N. J. He will report to D. H. Wamsley, 
Manager, Semiconductor Engineering. He 
received a B. S. Degree in electrical en- 
gineering from Pratt Institute and has 
pursued graduate studies at Princeton 
University and the Swiss Federal Institute 
of Technology in Zurich. 


Appointment of Dr. Robert B. Green as 
Manager, Materials Planning, Marketing 
Department, RCA Semiconductor and Ma- 
terials Division was announced by Frank 
F. Neuner, Manager of the Department. 
Dr. Green is a graduate of Princeton Uni- 
versity. He received Masters and Doc- 
torate degrees from M.I.T. Dr. Green is 
a Fellow of the American Association for 
the Advancement of Science, a member 
of the American Physical Society, In- 
tute of Metals (London), American In- 
stitute of Mining, Metallurgical and Pe- 
troleum Engineers, American Society of 
Metals, New York Metal Science Club 
and Phi Beta Kappa. He is also the 
author of several technical papers. 


William S. Wheeler, General Manager 
of Motorola’s Chicago Military Electronics 
Center, has been named a Vice President 
of the corporation and placed in charge 
of the company’s total Military Elec- 
tronics Division embracing activities in 
Chicago, Phoenix and Riverside, Cali- 
fornia. The Military Electronics Division 
continues in the general cognizance of 
Dr. Daniel E. Noble, Executive Vice Presi- 
dent, along with the company’s Semi- 
conductor Products Division, and the 
Communications and Industrial Elec- 
tronics Division. To succeed Mr. Wheeler, 
the company named Roy H. Olson, who 
has been Manager of the company’s 
Microwave Department. Irving Koss, 
formerly Director of Marketing in the 
company’s Communications and Industrial 
Electronics Division, has been appointed 
to succeed Mr. Olson. 


The promotion of Richard C. Tonner as 
manufacturing superintendent of the 
semiconductor plant of Sylvania Electric 
Products at Woburn, Mass., has been an- 
nounced. Mr. Tonner, who joined Sylvania 
in 1948 as a metallurgist, has been a sec- 
tion head at the Woburn plant since 1957. 
He attended Massachusetts Institute of 
Technology where he received a bachelor 
of science degree in metallurgy in 1948. 
He is a member of the American Society 
of Metallurgists and the American Insti- 
tute of Metallurgical Engineers. 


The announcement of John Clarke to 
the position of manager of applications 
engineering was made by Silicon Tran- 
sistor Corp. Mr. Clarke comes from Gen- 
eral Instrument Corp. where he was Chief 
Semiconductor Applications Engineer. He 
attended Polytechnic Institute of Brooklyn 
and in London, England, he was enrolled 
at Northampton Polytechnic Institute and 
Kingston College. 


Super-Sub-Miniature 
ransformers 


For transistor circuitry 
in servo-mechanisms, hearing 
aids, radios, telephones 


pm High reliability guaranteed. 


pm Large quantities used, with transistors, 
by leading manufacturers. 


pw Some of the most Important prototypes 
in use today are: 


Type H W D 
M-200" @ wou: oes 237. .3A0inen- 280 
F201 0)" s.itenrseae 263 .410 .325 

AAT-408 ....... 307.376. 4325 
SM=400) % 5a..cnt 400 .563 .485 
NA-2350 ...... 750 1 750 
GEN=2020) sce We” ie 2 


® Immediate delivery from inventory cov- 
ering wide range of impedance ratios 
in sub-miniature and super-sub-minia- 
ture sizes. 

B® Prototypes—Designed or wound and 
enclosed to specifications. . . . Deliv- 
ery within two weeks. 


For further information and catalog 
call or write today... 


essler Co., Inc., 41-45 47th St 
L.1.C. 4, N.Y. + Tel: STillwell 4-0263 
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Precision Bench 
Welding Heads 
Power Plants 
Portable Ther- 
mocouple Tacker 


NEW: Sub- 
miniature Pre- 
cision Head 
WHD 5A and 
inexpensive, 
small Stored 
Energy Power 


Supply. 
E WA L D Rt. 7K—Kent, Conn. 


INSTRUMENTS 
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Submit parts for free 
sample welds and ask 
for data sheet. 


The promotion of Frederick G. Plett 
as manufacturing superintendent of the 
semiconductor plant of Sylvania at Hills- 


boro, N. H., has been announced by Elmer | 
J. Perry, general manufacturing manager 


of the company’s Semiconductor Division. 


Mr. Plett has been supervisor of indus- | 


trial engineering at Hillsboro since the 
opening of the plant in 1956. Prior to that, 
he was a senior industrial engineer at 
Woburn. He joined Sylvania as an in- 
dustrial engineer at Boston in 1951. Mr. 
Plett attended Northeastern University 
where he received a bachelor of science 
degree in industrial engineering in 1951. 
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NORTH HILLS’ 


CURRENT GOVERNOR 


Model CS-117 


Constant Current 


@ Precision Current Source 
| @ Gyro Torquer Supply 
© Transistor and Diode Tester 


' High Accuracy bilit 
nt Stability 
> Excelle : Programmable 
i For testing and measurement of gyros, 
¥ transistors, diodes, clutches, solenoids, 
} meters, other current sensitive devices. 
e Current Range is 0.14a to 150 ma with 
6 decade multiplier 
© Regulation and stability 0.002% — 
@ Accuracy 0.005% 


fn use by leading companies for gyro 

torquer supply, transistor avalanche test, 

diode PIV test, clutch testing, calibration. 
Literature describing this and other 


constant current sources from 0.1ua to 
30 amp. may be obtained from- 


NORTH HILLS 


ELECTRIC COMPANY, INC 
402 SAGAMORE AVE., MINEOLA, N.Y. Ploneer 7-0555 


> 
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| Appointment of Arno Nash as Vice 
resident and General Manager of the 
Radio Receptor Selenium Division of 
yeneral Instrument Corporation was an- 
mounced by Board Chairman Martin H. 
Benedek. Mr. Nash is a specialist in the 
elenium semi-conductor field. A graduate 
bf Cornell University (Bachelor of Elec- 
rical Engineering, 1949), Mr. Nash also 
fstudied at New York University and the 
Jniversity of Missouri, and did post- 
Mraduate engineering work at Rutgers 
Jniversity. 


Appointment of Robert R. Warriner as 
military applications specialist has been 
announced by Carroll G. Killen, manager 
of Field Engineering for Sprague Electric. 
Mr. Warriner comes to Sprague from the 
Aerovox Corp. of New Bedford, Mass. 
where he was chief applications engineer 
for the past 10 years. A graduate of the 
South Dakota State School of Mines and 
Technology, Mr. Warriner is a registered 
professional engineer and a senior mem- 
ber of the Institute of Radio Engineers. 


North Hills Electric Co., Inc., Mineola, 
L.I., announces the appointment of Philip 
R. Geffe as Chief Filter Engineer. Mr. 
Geffe, who was Chief Filter Engineer at 
Triad Transformer Corp. and Director of 
Engineering at Hycor, is the author of 
several papers on network synthesis and 
advanced filter design. 


A. J. Romano has been appointed sales 
manager of the Rectifier Division, Audio 
Devices, Inc., Santa Ana, Calif., accord- 
ing to an announcement from A. H. 
Bodge, vice-president and general man- 
ager of the Division. A graduate of the 
Massachusetts Institute of Technology, 
Mr. Romano has been associated with the 
electronics industry since 1942. His back- 
ground includes engineering assignments 
involving magnetron development at 
Raytheon; guidance research engineering 
activities at Northrop in connection with 
the development of the Snark missile. 


Glen H. Ockenhouse has been named 
plant metallurgist of Johnston & Funk 
Metallurgical Corporation, Wooster, Ohio, 
company president, Edward R. Funk an- 
nounced recently. He will supervise the 
activities of the company’s vacuum melt- 
ing department, quality control and de- 
velopment laboratory. Prior to this, he 
was a melt shop metallurgist with Vac- 
uum Metals Corporation, a division of 
The Crucible Steel Company of America. 
He is a 1953 graduate of Penn State 
University. 


The Board of Directors, National Ultra- 
sonic Corporation, 111 Montgomery Ave., 
Irvington, New Jersey, has elected L. tap 
Jeffrey, Jr., president and general man- 
ager. Mr. Jeffrey is a graduate of Williams 
College and Harvard Business School. 
Formerly he served as Vice President of 
Alcar Instruments, Inc. 


2.5" high. 


chweber 


Packs A Lot Of Capacity 
Into A Little Space 


NEW @ KSR’* 
TANTALYTIC® 
CAPACITORS 


For Example: 
MFD at 15 volts. 
SIC ow 


Send for Special GE Guide 
*Registered Trade-mark of General Electric Co. 


ELECTRONICS 


60 HERRICKS ROAD, MINEOLA. L. 1... N.Y. PIONEER 6-6520. TWX G-CY-NY-580U 


The new designs provide up 
to 40% reduction in weight, 
3500 and 30% reduction in re- 
quired space, when compared 
to other foil tantalum units. 
They also cost less per volt- 
microfarad. 


ee. 


YOUR SAME-DAY, 
FACTORY-PRICE SOURCE 
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Send 
blueprint 4 
or samples |} 
for 
estimate 


WIRE 
FORMS 


and 


METAL 
STAMPINGS 


We'll prove that our high 
speed production means 
lower unit costs for you! 


You'll save two ways — (1) the ini- 
tial low unit cost made possible by 
high speed machines; (2) precision 
and quality control guarantees accu- 
rate parts and performance. 


STRAIGHTENING AND CUTTING 
Perfect straight lengths to 12 feet. 


.0015 to .125 diameter. 


WIRE FORMS 
.0015 to .125 diameter. 
SMALL METAL STAMPINGS 

.0025 to .035 thickness. 

.062 to 3 inches wide. 
Specializing in production of parts 
for electronic, cathode ray tubes and 

transistors. 

Write for illustrated folder. 
ART WIRE AND STAMPING 
COMPANY 
29 Boyden Place, Newark 2, N.J. 
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AUDIO AMPLIFIER (CLASS A OR B) « AUDIO OSCILLATOR « POWER SWITCH 
TRANSISTOR DRIVER « SERVO CONTROL © RELAY DRIVER ¢ MOTOR CONTROL 


Slated to be the “‘workhorse of the tran- 
sistor industry”’, this new Bendix series 
consists of three models—each with a 
different voltage rating and each in 
high-volume production. 

Contained in the JEDEC TO-9 pack- 
age, this tiny transistor dissipates 400 
mW of power at 25°C and 67 mW at 
75°C. The higher voltage rating and 
high current gain are combined with 
more linear current gain characteristics 
to enable switching applications and 
lower distortion output. Featuring low 
saturation resistance, the typical values 
are 1 ohm measured at 100 MA. The 
2N1008 series has a minimum current 
gain of 40 and a maximum of 150. 


Eliminating the internal connection be- 
tween transistor and case allows circuit 
isolation. Long life and stable operation 
are assured by welded construction and 
a vacuum-tight seal. 

ABSOLUTE MAXIMUM RATINGS 


Vce Ic Pc tb T Storage a 
Vde |mAdc| mW |mAdc °C “] 


2N1008 —20 | 300 | 400 | 30 | —65 to +85 | 85 
2N1008A | —40 | 300 | 400 | 30 | —65 to +85 | 85 
2N1008B | —60 | 300 | 400 | 30 | —65to +85 | 85 
eT 89 


Write today for the new Bendix Semi- 
conductor Catalog for more information 
on our complete line of power transistors, 
power rectifiers, and driver transistors. 
SEMICONDUCTOR PRODUCTS, BENDIX AVIA- 
TION CORPORATION, LONG BRANCH, N. J. 


West Coast Sales Office: 117 E. Providencia Avenve, Burbank, California 
Midwest Sales Office: 4104 N. Harlem Avenue, Chicago 34, Illinois 
New England Sales Office: 4 Lloyd Road, Tewksbury, Massachusetts 
Export Sales Office: Bendix International Division, 205 E. 42nd Street, New York 17, New York 
Canadian Affiliate: Computing Devices of Canada, Ltd., P. O. Box 508, Ottawa 4, Ontario, Canada. 


“Tea Conk Division 


| “Conde 


AVIATION CORPORATION 
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° Axial Leads 


Low Forward Drop 

Low Reverse Current 
Hermetically Sealed (Double Seal) 
Heavy Duty Junction 

High Efficiency 

Low Cost 


"“iarzian H SERIES 
SILICON RECTIFIER 


Get ruggedness and dependability acceptable for military require- 
ments at “commercial” prices. Design note and samples available. 


Write on your company letterhead. 


Electrical Ratings —Capacitive Loads 


Max. Current Ratings—Amperes 
Peak Max. 
S. T. Inverse RMS 
Type Volts Volts 55°C 100°C 150°C 55°C 100°C 150°C 55°C 100°C 150°C 55°C 100°C 150°C 


10H 100 35° =/3 0 "95° 1875 1.25. .625:.. 7.9 D: 25 75. 2739 35 
20H 200 103 15 225 1.875. 1525. 2625. 07.0 20° 73. 7 35 
30H 300 105 .75 95-1875 1.29 625.79 25 fo 7a 35 
AOH 400 140 475 28) 19875) 1.25 625 7.5 25 75 > 3D 
. 60H 500. 175 = 75 254,875 1.29 622 7.9 25 75 yO 35 
. 60H 600 210 .75 2S) 180) 1.25; 6625. 7.9. 20 5 73 32 


Max. D. C. Load Max. RMS Max. Recurrent Peak Surge—4MS Max. 


hin th & 
ANAAAL 


SARKES TARZIAN, INC., RECTIFIER DIVISION 


DEPT.SP-4, 415 NORTH COLLEGE AVE., BLOOMINGTON, INDIANA 


700 WESTON RD., TORONTO Q, TEL. ROGER 2-7535 +* EXPORT: AD AURIEMA, INC., NEW YORK CITY 
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| 
Other popular 
SPRAGUE transistors 


{| 
2N128 
$B MIL GENERAL PURPOSE 

(MIL-T-12679A) : 


2 x actual size 


2N240/SB5122 
FOR COMPUTER 
SWITCHING 


HIGH-SPEED, HIGH-GAIN 
MICRO-ALLOY TRANSISTORS welll 
for modern computer circuitry | “=: 


Types 2N393 and 2N1122 Micro-Alloy Transistors combine high gain 
with excellent high frequency response to meet demands of high-speed 
computer switching applications in the megacycle range. Low saturation 
resistance, low hole storage, and exceptionally good life characteristics 
make these micro-alloy transistors top performers in general high fre- 


ashes Seles 2N345/SB102 
quency applications and computer Circuits. FOR HIGH GAIN 
AMPUFIERS 


Made by electrochemical manufacturing techniques, 
Sprague Micro-Alloy Transistors are uniformly reli- 
able, as well as reasonably priced for transistors with 
such excellent operating parameters. 

All Sprague transistors—micro-alloy, micro-alloy 
diffused base, and surface barrier types—are now pro- 
duced in Sprague’s completely new spotless semi- 


conductor facility. 2N2NG/SB1C3 
2 : ‘ é FOR HIGH FREQUENCY 
For engineering data sheets on the types in which OSCILLATORS 


you are interested, write Technical Literature Section, 


Sprague Electric Company, 467 Marshall Street, 
North Adams, Massachusetts. 


Sprague micro-alloy, micro-alloy diffused base, and surface barrier transistors are 
fully licensed under Philco patents. All Sprague and Philco transistors having the 
same type numbers are manufactured to the same Specifications and are fully 


interchangeable. You have two sources of supply when you use micro-alloy and aNsot 


Pores ee MADT FOR ULTRA-HIGH 
surface barrier transistors SPEED SWITCHING 


SPRAGUE COMPONENTS: @) 
TRANSISTORS e RESISTORS e MAGNETIC COMPONENTS e S u R 0 . UJ : 
CAPACITORS e INTERFERENCE FILTERS e PULSE NETWORKS 

e HIGH TEMPERATURE MAGNET WIRE e CERAMIC-BASE THE MARK OF RELIABILITY 
PRINTED NETWORKS e PACKAGED COMPONENT ASSEMBLIES. 
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